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Foreword 


The attached material represents the working papers from the 
OAST Space Theme Workshop held at the Langley Research Center, 
April 26-30, 1976, and contains a quick-look analysis of the 
proceedings. The material is unedited and intended for further 
use by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be understood that the data do not represent official plans 
or positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 35 theme specialists to produce this working document - 
a document that provides a technical foundation, including research 
and technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
of Center initiatives in support of these themes. Copies of the report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus, it possibly contains errors, 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless, the information contained is of a high professional level, 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R. Sadin 
OAST Space Tbeme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Office of Aeronautics and 
Space Technology 



VOLUME III VI A STATEMENT 


MULTIPURPOSE SPACE POWER PLATFORM 7 
INDUSTRIALIZATION OF SPACE #8 


The j'equi reiiients identified for Theme 7 (MPPS) & 8 were divided into three 
time frames in order to identify and assign priorities to technology items. 
The first flight time of 1983 dictated that technology be presently in hand 
or a low risk development. However, three nev. initiatives were identified 
including an accelerated flight of Sphinx B/C. Flight time of 1938 with its 
higher power levels required higher voltage and power components with longer 
life and lighter weight. This required four new initiatives to meet the 
requirements. The 2000 launch with its mul ti -megawatt requirements requires 
several new initiatives including new concepts in power transmission and 
distribution. The use of themes and discussions with the team was helpful 
in focusing the future power requirements os that the technology could be 
more easily identified. 
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POWER REQUIREMENTS - INDUSTRIALIZATION OF SPACE (#8) 


LAUNCH DATE 

1983 

1988 

2000 

0 Power - kw 

10s 

103 

TO 105 

0 Volts - dc 

120 

120 

100 

0 Loads 



1000 OUTLET 

0 Orbit 

Leo 

1 

1 

Leo> GSO 

Leo, GSO, 
Lunar Base 
(100 men) 

0 Life-yrs 

5-10 

10-15 

25-30 

0 Autonomous 

Yes 

Yes 

Yes 

0 Maintenance 

Yes 

Yes 

Yes 

0 Propulsion 

Stationkeeping 

Same 

Same 



POWER NEEDS FOR SETI #9 


The SETI theme proposes three space-antenna systems with diameters 
of 30 meters for 1984, 300 for 1990, and 3000 for 2000. The first version 
will orbit geosynchronously; the others, at lunar distances in half-time 
shadow with a 29.3-day cycle. The latter two systems will require once-a- 
year reorientation at r per day: l2° for the 300-meter antenna and for 
the 3000-meter one. Each dish has an RFI shield twice its diameter on its 
earth-facing side and antenna feed on its deep-space-facing side. Both the 
shield and antenna feed are located half dish radii from the dish surface 
on the system axis. Fully supported shield and dish surfaces might have 
thicknesses of the order of a milimeter. So these will be very large, very 
fragile, very deformable systems that will utilize periodic low-acceleration 
propulsion to repoint the dish, shield, and antenna feed as a whole. 

The SETI space-system problems are unusual and difficult: For the 

geosynchronous orbit, environmental -charging technology is of prime 
importance. Uncontrolled arcing will cause RFI as will conventional controlled- 
beam discharges. So Sphinx B/C findings will be extremely valuable. Cost 
effectiveness and long lifetimes will make economical, light-weight, radiation- 
resistant solar-cell arrays (NI) necessary. And the uncommon aspects of SETI 
propulsion, cryogenics, and electrical -storage cycles require regenerative 
fuel-cell techology. Because SETI systems must operate essentially 
autonomously, they need automatic management, remote control, and advanced 
electronic conditioning of power, which are ongoing technological programs. 

As backups to a specifically adapted solar-cell, regenerative-fuel-cell power 
systems, OASIS (NI) and the nuclear thermionic pwoer module should also be 
considered for SETI. 

The fragile, extensive geometries; the shadow, propulsion, and storage 
cycles; RFI elimination; and economy and lifetime requirements of the SETI 
space-antenna systems result in these diverse, demanding power needs. 
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POWER REQUIREMENTS - SETI (Ho, 9) 
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• 
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FACILITY THEME #10 


The Solar Exploration Theme (#10) emphasizes the development and 
operation of an Outer Planet Study Facility (Space Vehicle) with the 
initial one in Earth orbit launched in 1990 followed by the planetary 
facility in 1995. Significant drivers are the requirements for: 

(1) propulsive power (hundreds of Kw) and science (tens of Kw); (2) extremely 
long-life (10 to 20 years); capability of operating autonomously in the 
orbiting facility and supporting craft (free-flyers , landers, probes, 
sample-return); (4) providing power to the supporting craft under extremely 
severe Jovian environmental conditions (low temperature on surface, high "g" 
impact for penetrators, high natural radiation environments using RTG's 
and batteries and associated power processing equipment for regulation, 
conversion, and control). 

These requirements create the need for the following technology support 
efforts: (1) Nuclear-thermionic development to supply the high power 

requirement and Solar Electric Propulsion for Low-Earth-Orbit to Geo-Synchronous 
Orbit; (2) Automated Power Systems Management Technology, which is essential 
because it provides automatic load control, self-test and repair capability, 
system health checks, power margin determination to avoid unintentional 
overloads, and fault-clearing; (3) Advances in power processing for planetary 
missions in order to raise low voltage thermionic diode power to kilovolt 
levels for NEP thruster systems and to work with support craft RTG's 
and batteries under the severe environments identified, which are critical 
technology drivers; (4) advances in automatic test techniques to checkout 
the autonomous power management function, redundant power processing, and 
long-life batteries which must be carefully maintained for up to 20 years; 

(5) advanced long-life, high performance batteries for the orbiters, probes, 
penetrators, landers, and rovers. Surface craft will require batteries of 
capable of very low temperature operation, being rechargeable, dilivering 
high peak powers; (6) an advanced thermoelectric technology that provides 
capability of 20 year predictable performance with graceful 
degradation, and high "g" impact capability for penetrators; and (7) advanced 
solar array technology including improved solar cell capability and «;o1ar arrays 
for the Solar Electric Propulsion System - which is a precursor to Nuclear 
Electric Propulsion. SEP may also be used to raise the Earth Exploration 
facility from LEO to GSO. 

Two new initiatives are planned: for Nuclear Thermionics and Advanced 

Power Systems Technology to achieve improvements in systems, storage, and 
power processing. 
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POKER REQUIREMENTS - EXPLORATION FACILITY (#10) 


LAUNCH DATE 
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SAMPLE-RETURN (RTG. BATT'Y) 
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GLOBAL SERVICE SYSTEMS #11 


The Global Service Systems theme, from a power point of view, drives 
orbiting power systems in Low Earth Orbit from 20 Kw in 1983 to 50 Kw in 
1988 to 500 ,Kw by the year 2000. For Geosynchronous Orbit a 20 Kw system 
is needed from 1983 on. Progressively longer lives of from 3-5 years to 
10-20 years with autonomous operation becoming more important in 1988 
and beyond. It is apparent that sensor-instrumentation servicing of at 
least one time per year through the 1988 period will be needed. Maintenance 
and refurbishment of the power systems may, therefore, be feasible and could 
place less stringent demands on system life and reliability. 

Technologically, this theme requires evolving solar array, energy 
storage, power conditioning and distribution technologies. The priorities 
were established on the basis of the relatively near term requirements. 

Some technologies that become significant in the long-term such as 
autonomous control, regenerative Ho/Oo fuel cell and very high energy 
density battery storage systems do^not appear in the negotiated priority 
assessment for this theme. 
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LAUNCH DATE 


POWER REQUIREMENTS - GLOBAL SYSTEMS (O) 
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SPACE TRANSPORTATION SYSTEMS #12 


. (stiy addressed In tR'5 theme Include 
The Snace Transportation Systems (STS) addresse ^ „ 

sh,„tTe sSrelab. Interim Upper Stage, and an electrical 

fuel cell development and nucl ^^cability to STS. 

that the MSPP theme 7 has direct 
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SPACE POWER SYSTEM ELEMENTS 
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REGION OF APPLICATION FOR SPACE NUCLEAR REACTOR POWER 
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BASELINE SPACE POWER PROGRAM 


1980-85 



ON-GOING TECHNOLOGY 
I SOLAR ARRAYS (67 WA<G) 

• ISOTOPE BRAYTON ( < 25 KW) 

• LT.WT. N1-Cd battery (50-60 W HR/KG & 20 Ah CELLS) 

• < AOO V. POWER PROCESSING & 120 V D.C. DISTRIBUTION 
I AUTOMATED POWER SYSTEM MANAGEMENT 

f MICROWAVE TRANSMISSION 

• ENVIRON.MENTAL INTERACTIONS 

NEW INITIATIVES (FY 78) 

• OASIS 

I SPHINX B/C 

• N1-Cd battery scaling (100 Ah CELLS) 

• Ag-H. rechargeable battery (88 W HR/KG) 

• HIGH VOLTAGE DISTRIBUTION 

• EXPANDED AUTOMATED POWER SYSTEM MANAGEICNT FOR UNIQUE 
THEME LOADS 

• MICROWAVE TRANSMISSION (SPACE BASED) 

I HIGH TEMPERATURE SOLAR ARRAY 


f/6. V 
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®?SELINE SPACE POWER PROGRAM 

2000 
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Compared with silicon solar cells, gallium arseni de. cells, potentially 

may provide higher efficiency and higher radfation f'eststance wh^le 

operating also at.high-;r temperature. _CVD will yield Jhin lightweight 


cells. 
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High Temperature Solar Arrays 
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1. Identify specific requirements for mission such as Mercury 

orbit. 
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1. TITLE PHOTOVOLTAIC CONVERSION 
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2. OBJECTIVE 


arrays. 


3. NEED ANALYSIS 

a) LEVEL NOW [j] , WILL BE LEVEL d] UNOER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY IdatE: 1985 ~| 

c) RISK IN ACHIEVING ADVANCEMENT: 
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e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 
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celJL, Present state-ofrthera rt rollout solar arrays ane. 65_w/l^ 

Studies have confirmed the feasibility of 10Q. yi/kg arra ys a nd indica te 

that 200 w/ kg may be f easible. Methods of handling thin cells, 

flexible subs trates and 1 ight-weight stniotures must be developed, 
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TITLE p hotovoltaic Convers i^ 

Light Weight Radiation-Resi stap_Arr^^ 

1. Develop _ultra-^thin Ga^ ^^^i“i__': - 

area ^lar c^lls^. _ ^ concentrator techniqie 

2. Develop in^rconne^t, encapsulatio , 

jTTest small protqtlfE? for larqe «riyiT ' 

r.'Dcvelop auton^io_pr^u«iOT_ _fa_qiu 


5. Produce prototype array 

7. alternative approaches/options 


r CURRENT/PLANNED BELATED ACTIVITIES IHTOP. OTHER) 


9. TECHNOLOGY SCHEDULES 
P ITEM 

TASK ITEM „ 

1. GaAs cells ^ 

" ^ V 

2. _ Components A 

3. _Small proto«vP« 

4. Prod^ f^il- 

5. Large proto 
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SPACE TECHNOLOGY NEED 

TITLE Photovoltai c Conversion 

Solar Cell Char acterizati on 


form no. I 
page 2 OF 2 
7,8.10.n/P-2/ 

N0.P£.75 - 

THEMd/WG./TASK 

DATE 4/ 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Continuing progrjim_^valua^ioji_of var^^^ types of solar_ 
' cells d^velopjcatalog of performance charac^ris^ 

~~ap7lic 7tion to any r equire d space environment, ^ncludes 

''c^bratioiLOf^andard s cells in space by balloon 

flight , ai rj: r ^ .tj_ ^hu 1 1 1 e ,_o r _ SAt_el i ite_i - 

I 7 . ALTERNATIVE APPROACHES/OPTIONS 


T CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHErT 


9. TECHNOLOGY SCHEDULES 

nirrinr — 


TASK ITEM 
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INHOUSE 

CONTRACT 
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LEVEL I iASICPMrttOMtWAOiSfdVtO ANU RtPORTfO !> ClIMPONf NT OR BR€ AOBOARD Tf SItO IN Rf It V ART 

OF STATE ; THlORr TORMUIATEO TO OtSCRilE PHCNOMENA ENVIRONMENT IN THE LABOR XTORY 

OF ART 3 TMTORY TESTED BY PHYSICAl EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MGOEI T MODE L TESTED IN SPACE ENMRONMENT 

A PERIINENT FUNCTION OR CHARACTERISTIC OEMONSTRATEO 
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FORM NO. I 
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1. TITLE Photovoltaic Conversion 


S ilicon Solar Cell T e chn o 1 o gy 


N0 1.7.8.9.11.12/P-2/ PC-8 

THEME /W.G./ TASK 

DATE_4_ / ^6. 76 


2. OBJECTIVE 


Develop technology fo r low CQSt JlSyjaLLsnlar cells awwL arrays- 


with high end of life efficiency (14%) 


3. NEED ANALYSIS 

a) LEVEL NOW [U , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRFO ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY I DATE iggg ~ i 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM LOW Q 

01 CRITICALITY TO THE ACCOMPLISHMENTS ENABLING □ OR 
ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED; STUDY □ ANALYSIS Q RESEARCH Q 

GRDTEStH air CRAPT TEST □ SPACE F LIGHT TEST E 

OTHER (Specify) Technology Development (Check one or mpre ) 

Yes RTOP 506-23-17 $600K FY'76 

f) R&T BASE CANDIDATE Ye^_KIQP 5Q5.23-12—$250K FY'76-- - 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Development of c ell s w ith improyei^ end of 1 ife efficiency.. Thes e mav 
include ^ome or ajl of epitaxially gr own j unction, ion implunted junction,] 

back surface Jj,^dj_Ji_eayily doped base, .wraparound contact and textured_ 
jurface^ — Definition of basic loss mechanism and rariiaffnn 

i n J)hgtgyp1 tlic,. Aey i c fiS, ^ Investlgatuw of processes for low cost 

.fabrication; i.e., thick- film processes and integration of automatabTe' 
pro c esses 4nto— fabrication -line. New concepts for covering/encapsolatlng 
with plastic sheets newer rpll concepts. such as the multijuncti on edge 
illuminated silicon cell for use with concentrators. 
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_Photovo1taic Convers ion Technnlngy 
SEP and Payload Applications 


N0.^.7-12/P-?/Pr7 

theme /w.G./ task! 


DATE 4 / 28/ 76 


6. RECOMMENDED APPRDACH/PHOGRAM PLAN TO ACCOMPLtSH NEED 

Bmarm Prp||iain , iry ( i P 'i i i m_lA_MD|LUle^ Ta,ulml 

Ajon de t 

j2rt!i£Ui;ucUyi.test_U!JmoUuw -Pcagram is _Bramse(L It is nrr,nn..H 
amstratp tprhnnlnay hy 

zero -jL.^crd£t deploymeot amLShuttle-ELi^ht-£xj^ 

7 ALTERNATIVE APPROACHES/OPTIONS 7i ^ 

_Therejs no real o ption to this solar 

anaiL^chnoloaUor 

p ower levpl ■— 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 
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SPACE TECHNOLOGY NEED 

N 

FORM NO. 1 


PAGE 1 OF 2 

1. TITLE Energy Storage 

NO 1.7,8,9,10/P-2/ES-1 

Technology for Improving Performance 

THEME /W.G./ TASK 

and Life of Alkaline Secondary Batteries 

DATF 4 /26 / 76 


2. OBJECTIVE T ^ 1 

_ To develop single cell protection devices, pulse charging 

technjgues and separators to improve performin''' 

a Anri lifo of allcAlinp 

secondary batteries, 



a) LEVEL NOW 0 , WILL BE LEVEL UNDER EXISTING PLANS, 
h! REQUIRED A^ANCEMENT - SHOULD BE TECHNOLOGY READY 
AT cEVEL [ 5 ] FOR OPERATIONAL SYSTEM USE BY |pATE: 1979 j 
c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH Q MEDIUM LOW Q 

dlCRITlCALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING; HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED; STUDY Q ANALYSIS Q RESEARCH 

GRDTEST(T| AIR craft test Q SPACE flight test Q 

OTHER (Specify) □ RTQP 5Q6r.16r.12 $Q FY '76 <CheCk one cr more) 

RlOP 506-23-24 5 I 0 OK FY'76 

f) R&T BASE CANDIDATE YES RTOP 506-2.3-23 Fy'7° 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Single «11 prolection systems based_on m_icroelectr5nig j;lrcults 

should signmcantl^olong the 1 if e of ^kaljne storage shatter 

n cases where partially soluble electrodes are involved^J^^. Ag^ _ 

^P> pylse_ihiQsurig. shoald help prevent textural changes_on cyc ling _ 
and hence JmprpveJlfe^ Inp^^^ flexible separators have- 

_siqnificantjoteriial._ Continuing work on these concepts for broader. 
app^Kation to the_Ni/Cd and_Ag/H systans are needed 





SPACE TECHNOLOGY NEED 

^*"*^*"^ Photovoltaic Conversion Silicon 
Solar Cell Technology 


form no. I 

PAGE 2 OF 2 
1.7,«, 

NO 9.11 P-2 Pc8_ 

THEME /W.G./ TASK 

DATE 4 / 28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Continuing technology pi’Ogram aimed at Improving the sIIIcoil 
solar cell. Various cell concepts are explored. The b asic — 
th eory of radiation d amage wil l define a new celd._a^p.roa^_. — 
Thinner cells and autom ated lo w c ost fabr i cation techniques — 

for low cost are defined. 


7. ALTERNATIVE APPROACHES/OPTIONS None 


8. CORRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

RTOP 606-23- 11 

RTOP 506-23-17 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM 


Module Tech. 
R eady 

Black Cell 


unction 
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1 . TITLE Energy storage 

Silver Hydrogen R^chyge^le Ba ttery 
Systems. 
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2. OBJECTIVE provide higher energy density, long life electrochemical 

energy storage system for s ynchr onous orbit, 40_watt_hr/|^^0 cycleSj 

10 yr. life. _ - ■■■•- 


3. NEED ANALYSIS 

ii) LEVEL NOW [ 3 ] , WILL PE LEVEL UNDER EXISTING PL ANS. 

h) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READ\ 

AT LEVEL [0 FOR OPERATIONAL SYSTEM USE BY fo ATE: I 988 . J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM LOW □ 

cl) CRI TICALI EY TO 1 HE ACCOMPLISHMENTS: ENARUNG OR 

ENHANCING; HIGH Q MEDIUM □ LOW □ 
c) TASKS NEEDED; STUDY □ ANALYSIS RESEARCH [Y] 

GRDTEStB AIR CRAFT test □ SPACE FLIGHT TEST Q] 

OTHER (Specify) 0 Techn^ology Developmeji 

f) R&T BASE CANDIDATE YesATOP 506-22.-24, 190K FY '/^6 _ 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Improved i norganic/organlc battery separator^.- 
electrolyte reservoir plate. . 


5. SPECIFY '^ECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH MEED 

A higher energy d^sity electrochemical storage capability is .required 
The_A /H„ systen offers possible 40 watt_hr/# synchronous orbU, 10 j^r.Jlfe 
--SOO^cycles. Based .nj blending ^f inorqaniCj^orgaMc separa tor and bj Uer 
electrode technology wvLn electrolyte reservoir technology and hydrogen elec 
trodes from fuel cell technology, this system represents an improvement 
over lightweight. nickel cadmium. - 


SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 
PAGE 2 OF 2 

NO. 9,10 P -2 ESI 

theme /W.G./ TASK 


_Energy Storage NO. 9!l6 * P -2 ESI 

Technology for Improving Performance THEME / W.G. / TASI 

and Life of Alkaline Secondary Batter ies 4 /28 / 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Electronic sin gle cell protectors using microelectronics to b e 
^sted^_M ultlplexer concepts to be explored to r pdnop complel- 
^ — Pul^_ctorgijig t echniques to be stu died to f orm baslT^r 
- larger s yj^tem design /developm ent. Co mpo site Inorganic -0 r ga^c 
materials to achieve fl ex< Hty. low cos~t a nd uniform malTT^Tl . 

Aj_mej_a t WWd and 

7. ALTERNATIVE AREROACHES/OPTIONS None; cell Imbalance and life 
limiting p rocesses lead to highly conservative operatio nal 
i^e and thus t he full capacities are not utilized. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP OTHER) 

RTOP 506-23-2^ 

RTOP 506-23-23 " ^ 

RTOP 506 - 16-12 ~ 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Single Cell 
P rote ctor 

Multi plexer 

Tests 


nmiH 


Separator Dev. 
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Optimization of case, separator, and plaque design will resultjn upgrading ^ 
the specific energy of Ni Cd cells. _ - - - . . - 
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Hyd rogen Rec hargeabi e ~Ba^^7s7stems^ 


FORM NO. I 

PAGE 2 OF 2 

No J »7,8,9J0,n/P2/ES2j 
theme /W.G./TA^ 


— — — date 4/28/76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Cell cojpoQenti ?°”Prf^nO„norMnlc/prganji«£aretors. electrolyte 

r- An engineertnj model _s)isterj (EhS) will be 

ortU*d !roV“ ' .to ‘ 

"'issions wil l be ^eyejoped. 

"7. al,ERNAT|VEAkpr 0ACHES/0PTI0NS The Ni/Cd battery, which even in its ‘ 

lightweight form will be twice 1 

e twice a^ heavy. ^ regenerative hydrogen/oxyg^“~ 

fuel cell storage system represents an alter native (See EC 7,87' 

^■rTOp” 506 related ACTIVITIES (RTOP, OTHER) 

O'" J.<>6-23-24 covers supTOrtyg Rjy { 

New Start was submitted. . .. r sysKnc, A 19^ 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM IT'' ' ^ 
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high □ Mi-nlHM [X] LOW □ 

cl) CIUTICALI’I Y TO Ti ll: AGCOMPLISI liGi;rI t S: F.NACUNG [_^ Oi> 

LMHaNCING; tllG!l[xl MFDlUi.^i fJ _ LOW [J 
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i G:iD TESr[iJ Ain CCAFTTL-Sr (_] Si'ACi: l-LIGHT TLSr [xl 

1 O f I IFH { tpocify) 1^1 _I?£hr^l°?y 

j j 
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’RechargeabVe_batter^ based_on a_lkali_me^als J*.itJL?plid electrolyt^_shpuld 
be available_from terrestrial programs operating 

be evaluated for .large storage needs. in space. .. Further research should — 

provid^sTmUar energy density capabiUties _at^ ypOC. _Sodiiffl _as _the 

negative and sulfur either^ moUen or dissolved in. qrg 

l^ij~7nt]«camion compounds, with both^ electronic .conduct.iqn, . 

as Jhe positives are likely, choices. 
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SPACE TECHNOLOGY NEED 


TtTLE 


Energy Storage 

Long-Life, Lightweight N1 Cd Battery 


FORM NO. I 
PAGE 2 OF 


NO.J,9.,lQ.ll/P-2/ES -3 
THEME / W.G. / TASK 


^ DATE ^ / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 



7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 




Plaque Deslen 


Case Design 


Battery Design 


jupani 

Mr 
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SPACE I ECHNOLOGY IMEL'D 


1. TITLE _Ekergy .Storage 

PRIMARY PROBE BAHERIES 




ronM NO. I 
I’AGE 1 OF 2 


10/R-2-/-E&-5. 

I HEME /\7Xi. A TASK 
HATE -J\. /2B/76 


2. 0:’.J1-T."IVE 


..._. ■ Develop. BATTERIES -FOR- PROBES which can deliver 

HIGH POWER OUTPUT Af’ER. PP.QLONGEn iZrlQ . YEARS). EIORAGE^ 


■ G :.i ' 

• ' * » - UJ I 

, • • * • > i 
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IM lU 

1: I) 
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3. NEED ANALYSIS 

it) I EVfcT. NOW 21, wil I. rr-: level [S] UNOEH rXlSl ING PLANS. 
I)) FILOllIRFL) AIJVANCLWEMT SIIOUI.O I5E rEC! INOLOGY RE ADY 
AT LI VFL [ 5 ] EOH OPFRAl lONAL SYS EEM USE !?Y 
c) DISK IN ACHIEVING Al iVANCErvlENT: 

HICill IIJ MEDIUM [X] LOW f] 

il) cm I ICAUTY I O THE ACCOMPLISiilVlENlS: 1 NAIU.ING (~1 OR 

ENHANCING; lllGIlG MEDIUM {j3 LOW □* 
n) lV.SKSNI.EDLD; SIT;DY|7] ANALY.SIS [“] IirSEARCH f ] 
Gl!D ri;ST[. ] AIR CiLAET TEST Q) SPAl'::: I I.IGH I I LSL 
OTHi.R {S:,>:.'ify) |X| TECHNOLOGY DEVELOPMENT _{Clr-'; 

I) R;:iE RASE. CANDIDATL __ 

•'/. COiLiPI.l I Am'V I LCl ii'iOI..CG Y ADV^AiVCSr.iEi'j j .’ir GUill' D . 0.1 

USE. or fins T.LCN'MOl.OGV 


■ or inr.ro) 


li. SPEIREY fLCHNOEOClY ADVANCLMLMi' ir:DUi;iED TO 
A(:C(),'..,-^LiS:i NEED 

REMOTELY, ACTIVATED BATTERIES HAVING AN ENERGY DENSITY_OF 

.40 WH/LB..ARE DESIRED FOR PROBE APPLICATIONS, PRESENT_ENER6Y _ 

DENSITIES OF 8 SH/lB ARE AVAILABLE. ACTIVATION DEVICES^ 
SEPARATORS. AND CHEMICAL SYSTEMS OTHER THAN Ag Zn WILL BE’ ' 
EXAMINED,- - -- .- ... 


^IQINAC mm rm 

pooit quauty 
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Energy Storage 


High Energy Density Batteries 


THEME /W.G./ TASK 
DATE 4/28/76 


6. RECOMMENDED APPROA( 

Ongoing technology 

:h/program plan to accomplish need 

programs for terrestrial energy storage Is 

developing several 

300 °C > 100 watt hr per # batteries. The most 

promising versions will be selected and modified to meet space 
requirements and tested. Continued research on systems 

operating < 100 oc 

' will be carried out. 


7. ALTERNATIVE APPROACHES/OPTIONS None, except tradeoff depending 
on storage capacity requirement against regenerative fuel 


cell systems. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-23-24, and ERDA programs In high energy batteries. 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Research 
S tudies 

Soluble S 


lass Fiber 


Cell 


umBBan 

niailiiiiBH 


MANPOWER (M-Y) I 

INHOUSE I 2 

CONTRACT 



El Eg B m E S B n D I 
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1. TITLE Energy Storage 

Large N1 Cd Batteries 


2. OBJECTIVE 

Develop a 100 Ah NIC d b; 


N0.l*8_ / P-2 /ES-6 

THEME /VV.G./ TASK 

DATEJL./^/_Z§ 


3. NEED ANALYSIS 

a) LEVEL NOW (T] , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [T] FOR OPERATIONAL SYSTEM USE BY fpATL: T9&5 ~| 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH □ MEDIUM LOW □ 

o) TASKS NEEDED: STUDY Q ANALYSIS □ RESEARCH Q 

GRD TEST Q air CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q Technolo gy developm ent (Ch eck on.'? or more) 

f ) R&T BASE CA M Dl D.ATE 

A, CO.'/iPLEMENTA: Y technology ADVANCEMENTS REQUIRED FOR 

USE Or THIS TECHNOLOGY 


» t?. 
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SPACE technology NEED 

title ^Energy Storage 

P*»ote 


. FORM NO. I 
PAGE 2 OF 2 


incME/W.G.'/TASK 


*• AWtOACH/PROOR^ 

-I. TO ACCOMPLISH NESD 



7 . alternative approache»dption7 


~uhhent/i.lannco rela. to activities IRTdf- 


9- technology schedules 

■ 

schedule ITPM I ' ' — ^ 


OTHER) 




rifemSaMM 


SPACE TECHNOLOGY NEED 

1 

FORM NO. I 

1 

PAGE 1 OF ? 

1. TITLE Energy Storage 

NO 1.7.8,9,11/P-2/ES7 

Advanced Regenerative Hydrogen/ 

THEME /W.G./ TASK 

Oxygen Fuel Cell Systems 

DATE_1_ /2fi. /.76 

2. OBJECTIVE 

Second Generation Fuel Cell Technoloa 

Y for Regenerative 

H 2 /O 2 Energy Storage 


•S * 5 S 

t' * < a 

a* Jt m 

S 52 S 

2 ti " 

0 " -< -i 
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^>22 
ae ct o 
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3. NEED ANALYSio 

a) LEVEL NOW B , WILL BE LEVEL □ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL dj FOR OPERATIONAL SYSTEM USE BY fn^ 19^~] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [x] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY (x] ANALYSIS® RESEARCH® 

GRDTEST® AIR CRAFT TEST □ SPACE FLIGHT TEST Q 
OTHER (Specify) ® Technology Development (Check one 01 more) 

f) R8.T BASE CANDIDATE YES - NEW INITI A TIVE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE DF THIS TECHNOLOGY Secon d genera ti on fuel cel l develop ment 


** P V 0 *5 

3 3 I § (j 
2 5 K r- **■ 

«.<? o Ml ^ H> 

Ul U. h* < ^ 

£»■>•• 5 
r: « * 
HSS^ £ 

#4 « 


5 . SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

TM.Tefl«n fT4t<ve H 2 /O 2 electroly zer/fuel cell f or energy storage can be 
furthe r Improved beyo nd the lightweight technology fuel cell by utilizing 
the higher efficiency higher power density components, the electrolyzer” 
will need to be optimized for use with the second generation fuel cell 
and the system Integrated for storage applicatTon. 


page la 
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6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

h_ 




p retypes 

■gro und-env±rormient 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 



9. TECHNOLOGY SCHEDULES 
FY 




TASK ITEM 
1. Reqts. 

1 

2. Spec. 

■ 

3^_ PrototLy 
4. Gild. Qua 

11 
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llllHI 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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Photov oltaic - Electrolysi s - Fuel 
Cell Power System 


mo..L7.^9.1H/P-2/ES 

tiif.me/w.g./t/vj:( 

oate_/L /.2^I6 


j 2. OBJECTIVE 


ESTABLISH AN O PER ATIONAL BREADBpARD_ US I NG. AVAI LA BLE 
TICHNOLOGY for PJSCRETE J^RTlQfLS_OF_ THJ..SYSTE^^^ 


n 


»: r- 

■. • ui :r 

i ci 1: 

. 

r: tj 

t> f j 
i j rr. 

■ ! t - .V (.» 
■ ; »I r> n 

• ' *.l Ul 
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3. NEED ANALYSIS 

a) LEVEL NOW Q , WILL EE I.EVEL 0 UNDER EXISTING PLANS. 

b) REOUIRED AJDVANCEMEMT - SHOULD BE TECHNOLOGY RIVXDY 

AT LEVEL [5) rOR OPERATIONAL SYSTEM USE BY Rj.VfE: IQRIi ] 

c) RISK IN ACHIF VING ADVANCEMENT: 

HIGH [J MEDIUM (“| LOW 

cl) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING \~] OR 

LNHANCING: HIGH [ MEDIUM Q LOW fj 

0) TASICS NEEDED: STUDY [_J ANALYSIS [”] RESLARCI I (~j 

GRDTEST( J| air craft TEST Q SPACE FLICHT TEST Q 
OTHER (Specify) [ PEi10NSTRATI0N^0F_SYSIEM 

1) RET BASE CANDIDATE Y£S 


t j *T 
• . O 


* ^ * r. 

• i ' 

■ % iii 


•1. CO.\iPLEiyiENTARY TEC! iNULOGY ADVANCEMENTS REQUIRED i-OH 

USE Of- nils TECHNOLOGY LIGHT WEIGHT- FUEL CELL HIGH J?OWER/. 

LIGHT WEIGHT SOLAR ARRAY. 


I 


. I fv , , • 

' : >■ o 
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S. SPECl.'-y TECMNOI-OGY AOV.a.WCF.IvIJ-NT REOUIRED Yf) 

ACCO.'.l:'!.iSH MH.EO 

THIS -CONCEPT JJSES. SOME FJQRH OF -PHOTOVOLTAIC-, CONVERS ION IQ 
PROVIDE ELECTRICAL ENERGY DURING THE SUNLIGHT PORTION OF THE 
-ORBITi EXCESS ENERGY IS STOREO IH-THE FORM CF-HYDROGENAND— 
OXYGEN-GASES GENERATED BY .A WATER ELECTROLYSIS UNIT, DURING 
THE ORBITAL NIGHT THE HYDROGEN AND OXYGEN ARE CONVERTED TO ' 
-€LECTI?I GAL- ENERGY AND WATER BY THE FUEL -e€LL, - THTS CONCEPT- - 
USES THE PRINCIPLE OF A REGENERATIVE FUEL CELL WITH DEDICATED 
ELFCTROLYSrS AND FUEL" CELL STACKS TO ELIMINATE PIIOBLEHS’ AND"~ 
GNABLE ADAFTABItI TY TO LARGE POWER -SYSTEMS^, — 


SPACE TECHNOLOGY NEED 

FORM NO. 1 
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TITLE Energy Storage no. 1 .7,8.9, 11/P2/ES7 

Advanced Regen er ative Hydrogen/ THEME / W.G. / TASK 

Oxygen Fuel Cell Systems 4/28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
The second generation fuel cell technology (ECC-2) will be paralleled in an 


■ 1 ectr olysis system and the systems developed for modular application for large 
iner gy storage applications. Lightweight, high effic iency, high current density 

in the alkaline system. 


7. ALTERNATIVE APPROACHES/OPTIONS The ion exchange membrane type fuel cell/ 
ele ctrolysis system and the first generation lightweigh t alkaline systems. 

These have 1/2 the specific power. High energy density batteries may be appli ce 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 909V44-05-54 on the ion exchange membrane version of the system. 




fuel cell. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Enabling Tech. 


Electrolysis Sect 


System Definition 


System Component 


EMS Develooment 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 
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SPACE TECHNOLOGY NEED 






1. TITLE 


LIGHT-WEIGHT FUEL CELL 


^P es^l'Qnl^fabrlcate. test 9 nd demonstr ate a 1 1 ght -wejflh^f ugL 
c ell power plan t to oper ate on propella nt gra de r eactants. 


FORM NO. I 
PAGE 1 OF 2 

NO. 1.7,8,12 / P-2/ ECC-1 
THEME /VV.G./ TASK 

DATE 1 . /I3 111 


p o £ rJ " 
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3. NEED .ANALYSIS 

a) LEVEL MOW H] , WILL BE LEVEL [H UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [ 5 ] FOR OPERATIONAL SYSTEM USE BY HiateT 1980 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW Q 

d) CRITICALITY TO THE ACCOMPLISMMEN TS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

u) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH □ 

GRD TEST (3 air CRAFT TEST Q SPACE FLIGHT TEST □ 

OTH E R (Sped f y) □ (Ch eck on.^ or mo ro) 

506-23-24 lOOK 

f) RP<T BASE Y e S 9ULQ 

A. COMPLEMENTAnY TECHNOLOGY ADVANCEMENTS nEOUIRED FOR 

USE Or THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADV.<\NC.TtMHNT REOUlRtO fO 
ACCCMPLISM NF.ED 

c Q n 1 1 _n u 1 n g t a s k _ 1 s _d_i r e c t e d 1 0 w a r d s d e s i g n . f a b r i c a t Jjo n ,_ 

testing and demonstration of a 1 Ight-weight fu el cel l p ower 

pi ant technolo gy capable of operating from reactantj ac.*1il.1.r.®4_. 

from the vehicl e_propoLsloP_fank^, which eliminates th e need 

for dedicated tankage and reacta nts. The bas ic desi gn wi ll be 
available I 0 modular sizing from 3 t o 24 KW at a 1 5 I b/kw powe r 

densi ty_ anji 5 , 000 ho. life. The design willbe b^sed on_a 

s iji g 1 e - c^ 1 d e s i gn d evel ope d _bx LeRC . 




THEME /W.G./ TASK 


SPACE TECHNOLOGY NEED FORM NO. I 
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title STORAGE NQ 1.7.8.9.11/P-2/ES8 

PHOTOVOLTAIC - ELECTROLYSI S THEME/ W.G. i 

fuel c ell power system 4/28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

The approach is to utilize existing techn ology to build an operational 
breadboard to evaluate the 


to establish sy stem 1 nterf ace requi rements . 


7, ALTERNATIVE APPROACHES/OPTIONS The Alternate Is to use the m/ Cd 


develop much hlqher enerqy density batteries. 




8. CURRENT/PLANNEO RELATED ACTIVITIES (RTOP. OTHER) 
RTOP 910-44-05 Ion Exchange Membrane Fuel Cell at JSC. 


RTOP 910-05-03 Lightweight Fuel Cell at MSFC. 


RTOP 506-23-24 Fuel Cell at LeRC 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


n XASk item 
D efine Power 




mam/m 


MANPOWER (M-Y) I I I 

INHOUSE I I 2 I 2 

CONTRACT 
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y title Electrochemical Conversion - 

Second Generation Fuel Cell Technolog j^ 

(Alkaline Matrix and Ion Exchange Membrane Acid) 


FORM NO. I 
PAGE 1 OF _3 


Mn 1.7.8.9.11. 12/P-271CC 2 
THEME / W.G. / TASK 

r>ATF 4 /_28/_Zfi 
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2. OBJE CTIVE Deyelop alkaline H^/O? lightweight s econd generat 
.9 V, > 3000 hrs, 250°F and develop an acid lEM fuel cell wjj 
life and invariant performance. 


3. NEED ANALYSIS 

a) LEVEL NOW [U . WILL BE LEVEL B3 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY — 

AT LEVEL d] FOR OPERATIONAL SYSTEM USE BY [DATE: 1988 1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH Q MEDIUM 0 LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH 0 

GRDTEST0 AIRCRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q] Technology Developmer^ (Check one or mo re^l 

f) R&T BASE CANDIDATE = — 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY High temper a ture oxidation re$T$t4r i L 

polymeric ma terials for matrices and construction. Catalyst s and 

electrode reactions technology. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

accomplish NEED _ . ... 

1 ) A solid polymer lEM acid fuel cell stack has run over 3 5.000 hours with. 

n o detectable performance degradation, 100,000 hours at higher eff iciencies 
a re reasonable goals with higher pressure operation,. — 

2 ) By replacing asbestos as a matrix mat e rial with fibrous polyben z lmada zal t 

or other pol ymer mat., an Improved catalyst and heat removal system. 

hi gher operating temps 
at low er weights. — 

3 ) Both these systems are a necessary part of the ad vanced_fu el cel j/ 

el ectrolysis (regen fuel cell) energy storage system. 

4 ) One Page 2 for each of these concepts 


HinniTim 
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Electrochemical Conversion 

Second Generation Fuel Cell Technology 


FORM NO. I 
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THEME /W.G./ TASK 


DATE 4 /28 /76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
Develop new materials of construction, electrocatalysts, materials and he at 
removal systems and incorooratP in iinhtw«.<nh» desian«:. 


cell design to prove out c oncept then develop and test an Engineer inq Model 
System (EMS) for system demonstration and endurance test on the ground. 

This is alkaline technology. 


7. ALTERNATIVE APPROACHES/OPTIONS The Other option is the f irst genera- 
tion lightweight technology operating at much lower current density with 




8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

Work on polybenzimadazole fibers for matrices underway in FY 76, R&T w ork 

on single cells, plaques to start FY 77. all under RTOP 506-23-24. New 
Start 1981 submitted. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Enabling Technolo 


Power Section Dev. 


System Definition 


System Component 


EMS Development 


Demo/Endurance Tes 


ES3I 
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CONTRACT 
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SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 3 OF J 

Electrochemical Conversion no. 1 >7.8,9.n/P-2/E( C-2 

Ion-Exchange Membrane Fuel Cell Technology THEME /W.G./ TASK 

■ DATE ^ /28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
Contin.ue current program with primary effort on sub-scale hardware. 
Scale up to full-size cells at appropriate time. The program wi 1 

not go to full system tests but will solve technology problems ii 
stack testing which will allow the concept to be . designed into a 
system after the program or application is defined. 


7. ALTERNATIVE APPROACHES/OPTIONS 
Fy 76 RTOP 909-44-05-54 


FY 77 RTOP 910-44-05-54 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Matls tests 


Hi-Curr Dens 


Full size ce 


Partial stac 


MANPOWER (M-Y) 
INHOUSE CS 
CONTRACT 
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FORM NO. I 

pa(;fiof „2 I 

flO..].J,r-,‘MJ/?-.? 7 tCC -3 
■'■'fl^MF/VV.G./TASK 

tJATE_ _4_ /.?8/_76 

2. OBJEc riVE 

-[vo-luoto-fujl. cc.OJ.oJ.-cbod?._i:/iac Lions, and caLal:.^ts..nffi,-ir.p,c1ei; 


1. TITI-E iLEgROCHEMICAL _C0NVE^SJ[0N^ ' ' 

AND CATALYTIC TECHNOLOGY 


- cnhancL pctrf nniwiiice , _ _ _ 


3. NEEO ANALYSIS 
h) 

1)) 


H) level now □. WILL PE LEVEL UMOEI-I EXISTING PLA^®^^ ijT 

b) REOUIHED advancement - SHOULD HE TECHNOLOGY HEADY ^ rv' 

AT LEVEL [ rj FOR OPERA flONAL SYSTiM USE BY Ijl/uii: J>^on 

c) MLSK IN ACHIEVING ADVANCEMENT; ' 

HIGH □ MEDIUM [ 7 ] I OW [J 

cl) CRITICALITY 10 THE ACCOMPLISHMENTS: ENABLING H OR 

ENHANCING: HIGH [J MEDIUM (J LOW Q 

0 TASKS NEEDE^; SI UDY □ ANALYSIS Q RCSEARCH fxl 
GROIEStD AIRC.RAETTEST fj SPACE I LIGHT TEST n 

other (Specify) Q] (Cli.ck'c ^e or ,no ro) 

n R&T BASE CANDIDATE 

4 . COMPLEMENTARY TECHNOLOGY AD'J^.N^L^IeNTS nioUK^^ 

USE OF THIS TECHNOLOGY ~ 
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5. SPECIFY rECMi'iOLOGY ADVANCEaIENT REOUIRED TO 
ACCOMPLI.,.i | NEED 

. t!ic!_Loc:l:;]jf]ija ESC/\_ (i l_cc:i roii _S!vjct^ For Chcnical 

/'>n.ily*.i.‘;}_rn 50 arcn \.R ll_L^ Lo_ i;;!irrhcr_iiiK:cr;ctcT.r!iiM] cf 

Fi'M tnU.chc.iiciil phnrrnifji.a siu;h ac surFatf; r^acLions, catalyTfc 
. F»T>coss':s,..ntirLclocl..T-:o-.,_ Tin's Lccinolo'jy will ajd in se.Trrh 
F-'^talysi^. ’ 
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ELECTROCHEMICAL CONVERSION- 

FUEL CELL ELECTRODE & CATALYTIC TECHNOLOGY 
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MO. 1, 7,8.9, 11/P-2/ECC-: 
THEME /W.G./ TASK 


DATE 4 / 28 / 76 


6. RECOMMENDED APPIOACH/PROGRAM PLAN TO ACCOMPLISH NEED 
The Initial phase will investigate known catalysts to determine 


characteristics. The second phase will search for naturally occurring 
materials which ha v e cata l ytic properties. The th ird phase will synthesize 
materials in search for inexpensive catalysts. 


7. ALTERNATIVE APPROACHES/OPTIONS Continue to use expensive 
latinum or gold. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Exam. Cat. 


Synthesis of 


Materials 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 2 


TITLE POWER PROCESSING DIST RIBUTION AND CONTROL: ^,0 1. 7-12/P-2/PP-1 

ADVANCED ELECTRONIC POWER CONDITIONING THEME / W.G. / TASK 

TECHNOLOGY 

DATE 4 / 27/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Identi fy unique Power Conditioning needs w hich constitute major 

missio n penalties and/or Impediments. 

/^nyj^ement a technology ret»dy program addressing solutions 
to unique po wer co nd1t1on1ne_reqijt>’^gn^^ of (IJ above. 

aVAUablli ty^Qf iiOWer_ circuit sub-elemen^t 

7. ALTERNATIVE APPROACHES/OPTIONS Walt until p roject piMse C/D to b egin 
design and Incur t he h istori c al p robl em o f cost overruns due to technical 
rojdbjocks and Lchedt^e sllBL.asspcla tA^^ wUh power conditioning hard^ne^ 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

_?ower Process 1 ng and D1 stributlpn Technology” ~ 

^6t23_-30 ~ 

9. TECHNOLOGY SCHEDULES ^ 

FY 


SCHEDULE ITEM 
TASK ITEM* 

-(See^. above) 
lOOkw/LEO) 
Hardware ) — 

1 mw/LEO/GSO) 
Hardware' } 



MANPOWER (M-Y) 

* INHOUSE 
CONTRACT 

FUNDING (10®$) 

* INHOUSE 

CONTRACT 


■ 

■ 

■ 

1 

10 








1.5 

L5 

1.5 
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ii. 

til 



• .III* a vvMbiviuifi^ noil rruyrain \ 

shown Is average level of effort. 




SPAC!: )V^Y fJ-;i TJ 


PAGI-. 1 o: 


rOHlVI iY( ). I *■ 
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1. TiTi :- Power Processing Distribution, and no. 

1 1 / \7.Ci. / l .'i.jA : 

Control:-- -Integrally Regulateb Solar -- I 

Array Technology — oat;-: ^ | 

2. ohj:-G!|\A. jjgy^LOP TO TECHNOLOGY-READY SJATUS/ THE APPLICABILITY j 

OF DIRECT. ON THE ARRAY REGULATION OF ELECTRICAL ROWER -FOR | 

DEDICATED. LOADS. _ ' _ JI.lirL. ' -L- .| 

"A. Nh:!-;n .'\i'>,\i.YSiS 

a) l.l VI I NOVy [}i, Wll-L Ht; l.EVi-l. 1^1 UNOHH liXIS I llv'C'. Cl ANS. 
h) Ri..OUIi:l-r) ADVAi'lClMi-NT - SHOO! 0 !>l- Trcr.i'.’OLOGY |{! /\OY 
AT :.L.Vi-l. ['^1 rOlUIPliiTA ITONAl ?A\SI lT',Ui;;:: iJV [w-U::; . . 

c) lilS!'. IN ACNITVlNCi AOVANCGNibNT: 

Illf.H (_) (X! ' (’^[1 

(I) CriliilCAl.l TY TC) Trib AC(.;O^^CI.IollM! i'll:'': f NA'lLlNofTl 

I NIIANCINCi: lilGOlxl Ml OlOM [._! l.OW [ ] 

(;) TA'^IO: GiOOV{jiJ ANALYfllS [” J llbS'IA! IGI I | 

(;:;nTrr.r txn air ci:Ai t ilgt I ') ‘;!-ac;-. i uc-.in i Tsr [xj , 

OllirniSpc^hv)!] (Cl^,:l< >r a,..-;) | 

0 i;r ruASbC-MioiNAii: YES (506-^^0) ($]30K> ^ 

.'t. co.Vn'i.;j'iiR'j i,g;y i ■ A!'<va.a;::w i- :R i:‘:00:;i: o i-'.:.! 

usb cR’ viii:: iNoi.iit.'.' . high voltage materials technol. 

SPACE ENVIRONMENTAL INTERACTIONS. 


r>. SPrO!;-'/ r[';CI iOOLf;' ',V .M.lYAOCr.Mi Ml R.-.t.'Ui. i-'O >' > 

ACCO '.•I P !. i -TH N ■: R I ) 

NO MAJOR ELECTRICAL ENGINEERING TECHNOLOGY ADVANCEMENT IS 

REQU I REDi .HOWEVER/ TWO OTHER AREAS DO REQUIRE TECHNOLOGY 
ADVANCEMENT. SPECIFICALLY/ THE SPACE ENVIRONMENTAL 
INTERACTION EFFECTS OF PLASMA/CHARGING FOR LARGE HIGH VOLTAGE 
SYSTEMS AND THE PROPER APPLICATION OF HIGH VOLTAGE MATERIALS. 


ORIGINiOD FXGE IS 

OF POOR QUALrry 



SPACE TECHNOLOGY NEED 

title power processing distribution and CON TROL; 
IN'I'^GRALLY r egulated solar array TFCHNni nr.Y 


FORM NO. I 
PAGE 2 OF ? 

N0. J,7-12/P-?/PP-2 I 
THEME /W.G./ TASK 


~~ ~ D AT E 4 / 27 / 76 

'■ ™ accomplish need 

iiUjboratoriL^;;^ ten,,..!. ...; 

Applkfttlflfl. Study 

r )5 njoflfel d emon s tration 

'■ . .ppro«bTf"^a^~ 

jccg£t_the weight andefficlency penalties. 

*' g“"^NT/PI.ANNED RELATED ACTIVITItS (RTOP. OTHEHI 

I -^^Istlnq prpf)»^a ni at LeRC ' 

__Power Pro cessing and Distribution 

506 - 23- “^0 


9. TECHNOLOGY SCHEDULES ~~ 

FY 

SCHEDULE ITEM I ' ’ 


TASK ITEM 
F easlbnit v Study 
L ab feaslb nitv - 
A pplication Study 
Erw. Mod. Build 


mm 


siilllH 


■■■■■■ 


manpower (M Y) 

INHOUSE __ 

contract" 


FUNDING (10®$) 

INHOUSE 

CONTRACT 




.1 .1 .1 .1 
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•Resources do not Include environmental 


program data. 
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CON TRO L; HIGH POWER/HIGH VOLTAGE/LOW L OS S 
ELECTRONIC COMPONENT DEVELOPMENT 


DATE 4. / 2fl 76 


2. OBJECTIVE 

Develop to a techn o logy ready status identified electronic 


components (i.e., rec tifiers, power transis t ors^ cap a citors/ 


powe r magnetics, etc .) p resently limiting advanced power system 
- oon^pts -. II U, 


M 

1 M I- 
t ■ : . . r 

I Cl I i 

i '* lil : ■ 

■ “ f. 

• ' u: 

• < > ui 
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> I 


tin. 
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•1 f* . 
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111 
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. I/? *1 

i'l lu lu 
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3. NEED ANALYSIS 

a) LEVEL MOW [^ , WILL EE LEVEL (1] UNDER EXISTING PLANS. 

b) REQUIRED ADV.ANCEMENT - SHOULD BE TECHNOLOGY HEADY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY (^E: 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW □ 

d) CRITICALITY TO IT!E ACCOMPLISll.MEMTS; ENABLING OH 

ENHANCING: HIGH Q MEDIUM [J LOW Q 

e) TASKS NEED -D: STUDY ANALYSIS Q] RESEARCH 

CRDTES i ^ AIR CR.AFT TEST Q SPACE FLIGHT TEST Q 
OTHER (Spicify) 05 De mons trate with Prototype {CliLck ons or nior-.:) 

f) RTtT BASE CAN DID.ATE Yes (506-23- 31) ($450K) 

CO.'/!PLLT.'IEi'j r/;;r/ rECHNOLOnV ADV.AMCEi.lEi'l iT; H EGUI.'LEO .-OR 
U.SE O? THIS TEC!-!:OOLOGY 


lilimfi_0-tierLl;baD._bisic_s_ol_i4_st^ejhysi,c^ajid^ 
materials technology. 


f». SPECIFY TECH.'JOLOGY AGVANCE.'/iENT HHCUIRED fO 
ACCC.MPLISil .MEED 

J^.s pow er l evels In c rea s e to TQ and 100' ^ ^ kilowatts , ( even 

. moj®. . in . some cas es ) , hardware in efficien cies ( componen t 

e lect r ica l losse s) bec ome increasing important. Two 
technology adveuTces are therefore required '"Ih the genSTeTl 


area of po we r ele ctronic components (1) increase the 
.fif.fi ciencyj. an.d_ C21_in.cxfiAS.e. the_ ppwex.Jc}^^ent ai^ 
handling capabilities of specifi c co mponents identified as 

limi t i.iig._o r , i>je n alizi ng a dvan ce d e lect rical powe r_ syste 
con cepts . 
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OF POOR OTIAUTV 


DATE ^ / V j 76 


SPACE TECHNOLOGY NEED 
FORM NO. I 

PROCESSINu. distribution and CONTROL ; NO. 1 .7-12/P-2/PP-.1 
JjlGH POWER/HIGH VOLT^/L QW LOSS ELECTRONIC ~THEME / W.G. / TASk| 

COMPONENT DEVELOPMENT 

= DATE 4 / Vi 76 

approach/program plan to accomplish NEro" 

(lj_Jdent^_ ^,„e power co.^o„ent nee<ls wh " h con,S. „„Jor 
I ^ — mission penalties and/or 1mpe d1ment<;. ~ 

gmntnt_r ^OTents of n ) 

'3Mferlfoerfonna.ee ch.r.ctertut cs and, .f practical, 

deveTo ped de v1 c o^4 ^ S 8r -to4t-f>’» gra m. 

7. ALTERNATIVE APPROACHES/OPTIONS c — 

limiting factors. — 

^ activities (RTOP. OTHER) ~ 

_Hj gh Per fon nance Pow er Electronic Componpntc ' 

506-23-31 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM f ' ' ^ 


task ITEM* 


(See 6. abovej 

lOOkw/LEO J 
Requfremen't^ 

1 mw/ LEO/GSO) 
RequTrementsI 



MANPOWER (M-Y) 

*INHOUSE 

CONTRACT 
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r-ORM NO. I I 
rAGE 10 F_? I 

-'Q* • 

1. TITl-t Powgr^Processinq. D istri bution. am|_Con;^o1 :jv!o. jj^2^4i-i/EP.-4 

High Voltage Materials Technology IHEME /VV.G./ TASK 

OATE_i_ /_?®/ 

P^lS!^Iin!' mat^al^te^nolpjy_bjse„fojr^a^a^^^^^ 

di electric fi 1 '"Sve^cap^nU._ 

conformal coatings, etc.) 


3. NEED ANALYSJ:s 

a) LEVEL NOW O . WILL BE LEVEL UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE VECI IMOLOGY RE-^Y _ 

AT LEVEL [5) FOR OPERATIONAL SYSTEM USE BY (imTi:.!, 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [Jf] LOW □ 

cl) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (X] OR 

ENHANCING: HIGH Q MEDIUM Q LOW Q] 

e) TA.SKS NEEDED: Sl UDY Q ANALYSIS 0 RESEARCH f][j 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST Q 
OTHF.R (Specify) fil Laborator y testing 

f) R3:T BASE CANDIDATE Yes_^^6-23j3q|J[$yK_) 


or more) 


, I o rj ) 

C> (.1 I 


6 . COMPLEMENTARY TECHMOLOG'' ADVAi'lGE.Mi-.N'iS REQUiMFD i'OR 
USE OF THIS TECHNOLOGY None 


• ? .T 

It: K 
' ' CJ O 
. Ill u* •* 


S. SPECIFY TECHNOLOGY ADVANCEMENT REOUIRED TO 

ACCOM.®LI3.l NEED r i 

Material s analysis , research, and c haracteriz ation of 

and physical .Ijtj^stru^l1vemecha_n1^s_such 

^re^dpwn,^ and/or arc ^yerJ^jreq^ul^ 

Jllah-iQweVilectr^i_cal_syste^^ 

sj^h^as mate rial photocon ductiv ity and new thin ^IJm dlelec^l^s ^ch_« 

B^YjJiyJJdineJlupride_pLJiYanced_C(^1ngs juch^ 

exploited a nd unders tood. 




SPACE TECHNOLOGY NEED 


TITLE POWER PROCESSING, DISTRIBUTION, AND CONTROL: 


FORM NO. I 
PAGE 2 OF J 


Nn. 1.7-12/P-2/PP-4 
THEME /W.G./ TASK 


- ■ DATE 4_/ 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
Past programs which contained high voltage power electronic hardware (SERT, 


SPHINX, GEOS, CTS. etc) have consistently encountered technical problems 


(some serious) in the ar e a of high voltage electrical phenomenon (corona & 
arcing). In order to confidently pursue multi-hundred kilowatt power 


programs, a firm technology base in high voltage materials is essential. 


7. ALTERNATIVE APPROACHES/OPTIONS 
Solve technical problems as they develop and accept a very high risk 


approach ($ overrun/schedule slips 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


A small effort now is included in Power Processing and Distribution 


RTOP 506-23-30 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


1 kv to 5kv Tech 


5 kv to 25kv Tec 


■■■isaassaiBH 

'BiSSS! 


MANPOWER (M-Y) 

INHOUSE ' 

CONTRACT 


!I9I!!!BHIBB!I! 
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SPACH ‘I lICHi'JOI-OGY NEED 

l. TlTl.E Power Processi ng > 

Remote Power Controller 

HJg h _Ppwer dc Dj stribution Systems DATE.J . tJl- 

2. 0.UhC nVG Provide technology ready development base for RPC's in the 

range of 10' s to lOO's op ampepes 

(that is, solid-state switch gear| 

j 3. I\)EL-.0 ANALYSIS 






Distribution and C ontrol: 
(l^C) Technology for 


r-ORM NO. I 
I’AGF. 1 or_2 

NO. 1. 7, 8 . 10. ll/p-2/PP^5 
’ I i lhlME / W.G. / TASK 


f.) LEVEL NOW l 3, Wll.L BE LEVEL [g] UNDER EXISTING PLANS. 


I>) RLOUlREf) ADVANCEMENT - SHOULD BE TEoHNOLOGY READ Y 

AT LEVEL [T] TOR OPERATIONAL SYST LT'/l USE RY -J] 

c:) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [X] LOW ['J 

il) CRITICALITY TO THE ACCOMPLISi IMFNTSj^ ENABLING OR 
ENHANCING: HIGH Q MEDIUM LJ l-OW O 

o) TASKS NEEDED: STUDY [T] ANALYSIS Q RESEARCH Q 

GRD TEST [x] air CRAET TEST Q) SI'ACE I-LIGHT TEST Q] 

OTHER (So'-'cify) [.5 devel . & demo, via P^topl^ht (Ch adc one or more ) 


i) IL-tT BASE CANDIDATE Yes (506_-2t3p)_ j$50<) .. 


4. COMPLEIViENTAHY TECI-iNOLOGV ADVANCcMEMTS R TOO I HI-.!.) iO.R 
USE OE THIS TECHNOLOGY high-power 

(that is, transistors_and/or silicon_cott)tlla.^P®p^.^^^ 


\ b. SPECIEY TECHNOLOGY AOVAMCEMEN I HEO'JiiiED TO 
I ACCOM.^>LISM MEED 

St.ar.t1ng_WLth..exi3l.ijig -28. .volt. XShuttle) .and 120_.vo.lt XLewi.s. R..C. 

technology ready program) RPC R&D_activities. a_ gradual growth of RPC 

power capacities wi 1 tbe _evo1v^._ The t^og^am . evolution w^ 

mlintaVn present logic and cottpotcapabilj t^s such as p"d/or 

in^sTanta'neous Tx' current tripjcharact^eHptics whj 1^^ ... 

han/lj^ rat ngj.nl^c^rd^ .tbe..devej ppi ng^ need^ 

electrical distribution sytems. 


i 






SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 20F 2 


TITLE ^OWER processing, DISTRIBUTION. AN D CONTROL: ^,0. 1 .7-12/P-?/PP-«; 

REMOTE POWER CONT ROLLER ( RPC) TECHNOLOGY FOR THEME /'w.G. / TASK 

HIG H POWER dc DISTRIBUTI ON SYSTFM<; ~ 

~ PATE 4 / 27/ 76 

I 6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED ~ 

Using the existing technolo gy demonstration pronram (LeRCI f or 120 vdc RPC's 
as_a model, similar programs wi ll be evolved for a family of load RpFs 17 
tje_ range of 12 q_vd^/j^Da t o 480 vdc/IOPa, a nd for a family of bus’Rp'c's'T;;’ 

tJ'e_ra^M fc^Uo/lSO a. Three power systems" leieirwlTT 

be addressed, loo Rilowatts, 1 megawatt, and 10 megawat ts. 

7. ALTERMATIVE APPROACHES/OPTIOWS Withoot The ayailabllitv of orooerly 

sized RPC's, proposed advanced ele ctrical power syste;r^l;;;;;r^eTi;;;;;r 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP OTHER) 

Pj:esent wort Is limit ed to 270 vdc as an uppe’r limit -RTIIP ine-Pl -nn Power 
Processing and Distribution Technology. 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM hel??! ' 


TASK ITEM 
_R&D Program for 
lOOkw RPC's 



ill IS IQ Eg 




MANPOWER (M-Y) 
INHOUSE ___ 
CONTRACT 








SPACE rr-CHi'lOl.OGY NEED 


FORM MO. I 
PAGE 1 OF_2 


1. TITt-E Power P roces sing, Distr. , and Con t.; 

L ong Li fe, H igh Performan ce Powe r Proce ssing _ 
for Planetary Applications 


NO..ii;u’ P-l/PP-6 
TMEiME/W.G./TASK 


DATE ^4./2fi/.Z6— 




. ■. ** r_* III 
»•. Ci '.J 

r.j :t: V 

< t/i 


I ^ 4*1 l.i 

. . > 

o ;r «"> -■» 


2. OB.IZCTIVF. 

Deyel_Qp. and demon st ra te a dvanced po wer processing and distri bution t^cJl- 

nology for futi.re planetary programs to achieve 10 year lifetimes, high 

efficiency, reliability and transient a nd f ailure imm unity. 

3. NEED AMALYSIS 

a) LEVEL MOW [T] , WILL SE LEVEL [4] UNDER EXISTING PLANS. 

b) REOUlilED ADVANCEMENT - SHOULD BE TECHNOLOGY HEADY 

AT LEVEL [£] FOR GPE RATIONAL SYSTEM USE BY FoATiT: ''l9^ 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW □ 

(I) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING OR 
ENHANCING: HIGH Q MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS RESEARCH □ 

GRDTEStQ AI R CRAFT test □ SPACE FLIGHT TEST Q 
OTHER (.Snedfy) 0 Deve lopment (Chi.Tk on.^ or ..if.T'j) 

f) RftT B.ASE CaXNDID.ME Yes; RTOP 506-23-33; FY‘76; $435K;to be e xpan ded 

COMPLEMEi l TARY TECHNOLOGY ADV.ANCEMENTS nECiULRED FOP. 

USE OF YH IS TECHNOLOGY None 


r. 

^ ‘ r* 


»; >- o -- 

; I r» ‘ I 


' • r_ n I ^ * 

^ • c:» r> - • 
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5. SI’£C:.-Y TECHNOLOGY ADVANC.E.MEWT REQUIRED TO 
ACCOMPLISH NEED 

0 Develops modular, active redundant .regul ators and invert ers for oper ation 

wi^ solar arrays ^njd RIGS. 

0 D^elop^ba^tery £^13/9? disch arge , 

and monitor, control, and protect spacecraft batteries for long-life 

planetary missions. 

0 Develops new design and analyses techniques at the component, circuit, 

a I>.d_sy s te rn le ye l_s 

0 ftodular designs allow f or power g rowth, processing of high power quant ities , 
and scaling to a wide variety of voltage levels for 100 KW applications and 
nuclear power systems processors. 







SPACE TECHNOLOGY NEED 


TITLE 


POWcR PROC ESSING. DISTR IB UTION. AND CONTROL; 
LONG LIFE, HIGH PERFORMANCE POWER PROCESSING 
FOR PLANETA RY APPLI CATIONS 


FORM NO. I 
PAGE 2 OF Zj 

NO. 1 J0/P-2/PP-6 

THEME /W.G./ TASK 

DATE ^ /29/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

0 1 e^n iques an d J:ardjj^re_to_reJ.jab1 y and effici entl y pro vide unint^rruji^fj 

sci^en_ce_^nd hou^^ from S/A and RTG sources are in 

development - up to several KW at up to several hundred volts 

0 Bmery_5ystei^el_ec^onics development for extended life was started 
0 M odular PPE con c epts to be expanded to accommodate: (1 ) Vea7^so^c«rf7T 
high radiation and temperature environments; (sTTo^'Yea rT^ life; (4 ) SEP an 
NEP CCTipatible Toads. ' ^ 


7. ALTERNATIVE APPROACHES/OPTIONS 
No reasonable alternatives. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

RIOE 506- P . T- . 1 3 p ro v-id es the ha sel i xie-program^ — On-^going. and expaoded- 


ef f orts are indicated below. 


9. TECHNOLOGY SCHEDULES 


IBBISQB]{gE3ESraEgQj||gQ]|||Q]|||{gigigiQ 


SCHEDULE ITEM 


TASK ITEM 
ON-^OlNG^^ 

0 Med ium_ Power PP[ 
Dev^t 


0 BatterySystem 
nectroTTics 

EX PANDED : 

0 Reactor-Thermio- 
TTTiTPPE: DeV^t - 


0 Life Test Demo. 


IBBBBBBBBBIIB 


• 6 |. 6 |. 6|.6 .6 .6 .6 .6 


IDBBBililBBi 
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I form no. I 

1 TITIC page 1 np ? 

DATE ^ / 27 . 76 

°%(^Ethe_te^ogy of transferring power across a rot t- ^ 

3. need analysis ' ' 

a) level NOW 0, WILL BE LEVEL 0 UNDER EXISTING PLANS 

I? L^V?L m' P or'a '''' " technology READY 

AT LEVEL □ for OPERATIONAL SYSTEM USE BY [TT .,. 

cl risk in achieving ADVANCEMENT: 1^010 

HIGH Q MEDIUM [T) LOW Q 

lilCRmCALITY TO THE ACCOMPLISHMENTS: ENABLING PI or 

ENHANCING: HIGH [7] MEDIUM □ LOW P 

e) tasks NEEDED: STUDY P ANALYSIS PI oce^ r-i 

GRDTEST0 AIR CRAFT TPc;7m ^ RESEARCH Q 
other ISFeolvl □ =TACE FLIGHT TEST 0 

^Chc ck one or more) 

_ II PST BASE c andidate ._Yes (new inin.ti,,.' ' 

j-igj;_»olta 9 P syst« ~ “rTlLU t ki„ .. jover conditioning an d 


= s < * 

* — » r 


' AcfoMPLllHrEED^'^ ADVANCEMENT REQUIRED TO ^ 

ROls., 


power 1 OS f r jet [o_n_a nd _j n ex tend i ng life. 


SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. 
PAGE 2 OF ? 


Power Processing. Distribution h Contr o 1 • nq. 1 ,7, 8, 9,1 1/P-2/P 
Pow er Transf er A cross Rotary Joints THEME / W.G. / TASK 

DATE ^ /28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

design, subscale hardware will be put on life tests 
A p aram etric ^sign and“a'na lys fT pFasVwTll rnvesTTgate scaTfng 

problems to larger sizes and power levels A fabricatio'n ta'sF 

wil l loo_k problems of large size construction. ^An early 

flig ht te st on s^huttle will investigate operational problems^ 


7. ALTERNATIVE APPROACHES/OPTIONS Mechanical slip rings 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

2 . Par^metri c 
Design & Ana 

3. FAB task 




MANPOWER (M Y) 
INHOUSE _ 
CONTRACT 
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space technology need 

1 . title Power Processing, Distrib u tion & Control 
Multi-KM Distrib xfinn System Technology 


FORM NO. I 

page 1 of 2 _ 


THEME/W.G./TASK 

DATE.-i- /_2_9<— 


°? :ITOn^st r ate th. technology re adjrje»jtJnjluanajie,BLJ^^ 
di str lbuti on system through use Simula^ 
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at X X 

O w oi 

a. X S 

k*< - 
flC * 

O ® 

X X ^ 
< o ^ 

O w 
“ Oi 
I** a < 

> O o 
K o (/) 
> 

«.•» <-* 1- 


* -* _ * o 
w 3 2 ^ * 

a * “ 5 = 

o « »/» X “• 

z O Wi* ^ ^ 

^ ^ ^ 4 z 

? > > a s; 

yoo*- 
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< X X 2 .. 
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3. NEED ANALYSIS 

a) level NOW Q] , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY_REA^ 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY |daT E_. ‘^{ 2_I 

c) RISK IN ACHIEVING ADVANCEMENT: 

high □ MEDIUM □ LOW 0 
di criticality TO THE ACCOMPLISHMENTS^ ENABLING 0 OR 
ENHANCING; HIGH Q MEDIUM □ LOW U 
e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH [J 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST Q 

^ ^ I I (Chock one or more) 

OTHER (Specify) U 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

.eadln^^^pe^r^ance a»s « 
voltage DC dis1^burion_£nd control, sys^rnsjor largjjfel^s^ 

AdditionaVobjectives are to eva1uate_ thejierUs of sojhd state 

switchgear and multiplexed computer controlled superv^on ^ 


rr^ntrn^^ i n conjunc tion wuj^pc distribution. 







SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 2 OF Z_ 


Power Processing. Distribution and Con^olj^_ NO. i» ^ 

- THEME /W.G./ TASK 

Multi -KW Distribution System Technology __ 

_ DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

D istribution a nd Control Study which was completed J.n 
late 1972 concluded that future multi-Kw power distribu^on s^t^ms shouy_ 
use voltaq.es_in excess of_ 100V_dc, employ.. multiplexed digi.tal_supervision_ 

and control methods, and solid_state controls ^_This_effprt_hds_^n 

initi ated to implement this appr oach. 


7 ALTERNATIVE APPROACHES/OPTIONS niqh voltaqe distribution is 

essential for Jth^ specified high t>o wcr re quirements. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

This rela tes to other proposed high vol taq e - hig h powe^^^roposed powe^ 

component s . 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM I ' 


TASK ITEM 

Design and 

Install Sim. 

Define & Perfon 
_ Checkout — 
Test and 

Evaluate 

Analyse 300 V d( 

. Sypteni 




Tech, ^ady 
Oper ational Use 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 






; • » 


I • ‘ ' 
••• ' - 


I . . I ri 


SPACr 'I nclliMOLOCiY I'JlEED fOHI'/l NO. I 

j , ^ 1 2.. . , 

I 1. TIT!.!; Thermal to Electrical Conversion.' lO/p-2/TE-l 

I Thermoelectric Systems Tlir-MK /w.c;. / TAI;:( 

I .. 0AT! _4__ /.2.6 /_7_6 


2. OtJ-il.Oi !VH 

Pro'y'ide, data-base ^n thermoelectrics for NASA, provide power 
degradation models for isotope thermoelectric system, providetechniques 
for integrating isotope power wi_th spacecraft. 

n;-.i:o ,'\:'!A'.ysis 

ii) i.'AM I HOVJ LJ, wii.i. I'i- u-.vi-L I 1 iJNOl.in x!:.;i iNf. I'! an;;, n/a 

l))l!l (lUirU:IJ ADYANOi YdiiTr SHOOl.D U!. f( Cl lN'.!l.C)viY C! ,C)Y 

Al I LVi L (_ I I t)li ()''‘:i!AilOi'AI.SV51!-M US!- ilY 7. i ^/A 

(0 i:isi: IN ACiiifViriG Ar.'VANCiiiViicsr; 
mr;ii [J mtihu.vi ["■] i ovv [x] 

(!)c:ni I ICAU IV lO Til!; AC'CCMIM i::ii:vi: l : NA!;i. INC [~] 01! 

I u'ilAOt;iMO: HlUIll^^ ) M! |jl!J,Vi | ] I.OV/ D 

(•) TASisS IJU I)! O: snjnyj 'J ANAl V5;|.'. PI i;' S' Ai:f:ii n 

' ci!!i)n sr [ j AiH c;i;ai- I I i.ru I j si-ac:' mr.ii i 1 1 .sr (”] 

o 1 1 1 : n (Spyiiiy) [x ) technology development _ K-' If'.', or Ill'll 

i 0 i:C! i;a:.'-. il'uOuilsTi ". Yes, FY 76; 506-23-43 S286K 

I COSii'i.i i.!;-r!l AAV I : Ci IN: ;LOOV ADVA 'XCSviS, ) ! .! R! A’l:.:' o i-J ! 
j U I‘ C ; , I 1 1 i .. ! . ' . I . ; ' 1 . 1 1 .'..J I Y 


!i. siT-r::;- / i Tvuoih.O';/ /av. ANCiA i:.o . ::2nui.s ;:i i o 

ACC;) A'! iSil [ V!-:; 

Develop radiation control technology for S/C. 
Evaluate selenide thermoelectrics. 

Develop high-performance thermoelectrics. 
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SPACE TECHNOLOGY NEED 


TITLE THERMAL TO ELECTRICAL CONVERSION 
THERMOELECTRIC SYSTEMS 


FORM NO. I 
PAGE? OF 9 


NO. 10/P-2/TE-1 

THEM*: /W.G./ TASK 


' DATE 4 /28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Jl_Instnjm^^ e_sponse to radiation 

_2) — Radiation softwar e dRvelo ptn ent 

-D — Selenide Eva 1 UA tio n 

■ 4J High -ferfomaoce T/E Matpriai n oy 


■». ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

1. Inst. Resp. 

2 . Software 


3. Selenide 
4.17 e Dev". 




MANPOWER (M-Y) I 

INHOUSE I 3 

CONTRACT 


nsEsiiiiniim 
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I- n r , 
• L'l I » 
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I s;'Af;inecMi'>oi.oGY Ml-jed 


KOHM I JO. I 
PAG!! 1 or. .2 


l.'llll.t: Thermal to Electrical; 


NO.1*7^«10j12/P-,^TE-2 

Hi gh Temperature Brayton Power C onversion _ • IILMI: / w.G. / lAoK 

._HT' ~IZZ ■"ZmiT'”- ^ -2t>/— - 7£ 

2. 03jr*C 1 IV'r 

Acquire yie technology for cout-effec^iye, lon g- life, h igh -turbine-inlet- 
temperature Brayton conversion of heat from various energy sources to 
electric power for use in a variety of applications — — - 


(’ 3. N:!E0 /.l'tA..Yj;!> 

a) I.rVtT. NC)'.^ [ 3 ']. V/i LI. fir. LEVEL [jj] UrJDE.'i EXISTING Pl.ANS. 

I)) nroumro ADVAMCLlViE,''' !' -- should BL I ECIINOI.OGY lU-ADY 
AT LEVEL rOR OPcRATiONA!. SYSTEM USE BY 
c) RISK IN ACHIEVING ArA/AUCEMENT; 

HIGH ['J MEDIUM 0 LOW [~j 

(1)CI!I I ICALITY rOTIIE ACCOr,iPLISIlMr-NlS: I NABLING [7J OR 

ENHANCING; HIGH [Xj MEDIUM □ LOW f j ' 
c) TARNS NEEDED; STUDY ANALYSIS [x J RESEARCH [£] 

GRDTEST' IjiJ AIR GRAi- r T ES I QJ SPACE I'LIGI IT TE.ST [’J 
O ! I lER (51[r;i';i!v) _ _ (Cti :iT: oni; or iko: :) 

f) IlD.r BASE CANDI DATE Yes: NEW START 

j COMPLEMENTARY T ECNHO'.ORY AnV.TNCEMENTS REOUliiED EOR 

■j use 0.' i'HIS 'n'CHNOLCGY (a) material selection and evaluation, (b) llquid- 

I metal heat-pipe development, (c) solar concentrator development, (d) reactor 

i development 


I n. SPi-Cfi' V TECiSTOLOGV ADVATCEMEN T RECiUlilhD -l O 


i : !•* fi ♦ ^ 


•- 
G t: 


ACCOMPLISH NEED 

Demons tr^te_Brayton_ capabilities for turbine-inJet temperatures of 1500K 

to 1600K with 10-year expected lifetimes by 1985 and 20-year expected 
lifetimes by 1990. 





SPACE TECHNOLOGY NEED 

title tu ^ 

Jhermal to E1ectrir;>i .. 


FORM NO. I 
PAGE 2 OF 2 

NO. 1.7.8J0.12/P-? /TP - 

theme/w.g./task 


‘ W Trr"’ '■LAN TO ACCOMPLIsTn!^ " 

l^_JlHh_^ratj.reJJ^de jin nozzle 

^l-Jj^jHiL^jnechdnicAl.dfiiig^ __ 

icj — thennodrn_amic_analys,is_ " 

Xdl j^tating unit 

1 ^. system des i gn ^ — 

7 ALTERNATIVE APPROACHES/OPTIONS — 

ThermionK_pov^r^^Pyg^,g ~ “ 


® related ACTIVITIES (RTOI>: 


OTHER) 


TECHNOLOGY SCHEDULES 


task ITEM 
blades_anj nozzlt 
arings 

i cal des i gn 
thermodyn^' cs_ 

ro^tijig ynj^t 

system des i gn 


manpower (M-Y) 

INHOUSE 

CONTRACT 




IBDBgin 












SPACi: TiiClr i\)hC:D FOl-liVl NO. I 

PAGE 1 0F_2 

i. rm.E Thermal tilElectri cal: No7.«.in. 1?/P-?/TF--^ 

PrOT0TYP-;-C JUCLEAR XWERMIONIL THEME / VV.G. / FAG< 

Space. Power. Module j 

i 2. OHJ.tCTlVE 1 

j ACCpMPLLS.H..THE_DEy G^^^ AND_ELECTR I CALLY. HEATED 

I DEWONaTBAILQN _OE A. NUCLEAR-THERM1QNIC-SY.SJEM_MQDULE JQR_A 

, HEAT.-R.1 PE- COOLED FAST. REACTOR . 


2. L'E:.-!) AFlALYSiS 

a) L EVEL HOW [ /J , WILL LIE I.EVEI. [/j| UMDER EXISTING PLANS, 
h) NLOUI RE!) AiJVA.NCl-r/IHN'T Gi !OU LD BE I'ECt IMOLOG Y READY 

Al !.EVi:L i-OI{ Oi’EnAilONAL SYSTEM USE BY ^gg^'T (eaRLIEST) 

c) fRGX IN' AC; IIEV/IN'G ADV.GNCEMEi'J T: 
liiGH □ MEDIUM ('^ LOW f] 

tl) CRI i ICAI.ITY TO THE ACCOMPLISi Hvil M EG: ENABLING [^1 OR 

1 NHAUCiiJG: HIGH □ MEDIUM [J LOW □ 

fO (ASICS NEE or- IT v^^TUDY}^ ANALYSIS [^’| RESE/\.RG1 1 j^] j 

GRD TEST AIR ClAM-r TEST Q1 SPACE EI.IGI IT TEST [”] | 

O n lE.n {3j>..'cily) [ J (Clit;r.L oiit; ot iiiOi '•) j 


J 

■1. ; c;iS':'.;Lr)OY AOyAi^lCLMELJrS REGUSll D i-0.: : 

u.>r. Oi .1!!^ ihCln iOi.OGY HEAT-PIPE-RADIATOR DEVELOPMENT, | 

b) HEAL-PIPE-COOLED NUCLEAR-FUEL -ELEMENT in-pile EVALUATION .. j 

C) COMPONENT FAILURE-MODE.ASSESSMENT, dL NEUTRON-SHIELDING | 

DEVELOPMENT.--E-)-RIGH-PEfiFORMANG€-W£RNiON-IC G0NVER5ION- ! 

G. SPECn-V I EC! I'lOLOGV Ai.iVANCEiViEN i REOUiMED 0 j 

ACr.O.'.lpi.lSH (lEEU I 

DEMONSTRATE SATISFACTORY- STEADY-STATE AND TRANSIENT BEHAVIDR - | 
AND PERFORM RELIABILITY ANALYSES FOR AN EXTRAPOLATED SPECIFIC I 
MASS OF-20 KG/kWe AND A LIFETIME OF 2 YEARS AT A SIMULATED _ | 

POWER- LEVEL T)F 500 kWe» — I 


PCtoP*- 


SPACE TECHNOLOGY NEED 


Pj!Qmm(Lituc.l £dr Thprmin 
Modul e 


oi l: Sparp Pow p r 


FORM NO. I 

; 

Pja totypk H i n Lka r Thprml c nir p„„ ,. r NO. 7.8.10. 12 /p-2/tf.i 

—NoSttle “theme /W.G./TA i;^ 

^ — DA TE 4 /28 / 76 

6. recommended approach/program plan to accomplish need 

UiIC4ni£6ttei:hnolpa»^frs,mjj,it4iiujijiij,ry^^^ p 

MttSIL.SiilisjateiiLdesi9n.a„<l e^rtaental ro™ . . i pnehminaiy 


7. ALTERNATIVE APPROACHES/OPTIONS 

None avail able 

^‘^^'J^'^^/PLANNED related activities (RTOP. OTHER) 

KaL JidSfi_En)graina : 

- L*f "is Co^verskn^ (ETOP SO^P-TlT 
-^i-Bg'-WV°n)^SiaU»s Technology f PTOP “ 

9. TECHNOLOGY SCHEDULES ^ ^ 


manpower (M Y) 

INHOUSE __ 
CONTRACT 


funding {10®$) 

INHOUSE 

. ^CONTRACT ~ 


ISllsh^lS 15 


II2I2I2 















iiPAC.l Tr'CI I.M01 )i.iV M D 


roaivi ,\'o. 1 
TAGH 1 nr. 2 


I 1- Tin.!.-: Thermai to Fi f ctri cal : 
j Thermophotovoltaic Power 


Hol, 7 , 8 AlQ 4 ia 2 /P-i/ 

TlifME /VV.G./TASK 

I — £qn.v£rslon Technology DAiii....!/ 2^. _ 7.6 _ j 

j 2. Oa.ir.'TiVf; r j 

I JyAL.UATE. the . FEAS IB1LIIY...PF ,.0B^^^ EFFJCIENC I ES 

\ APPR_QACHING 30% JN_T^^ QF_S.0LAR._ENLR6Y.XHE | 

\ P^^^.RJM5_SPECI ALI XED APPL RATION .PL. phoTIIVQLT AIL __ ! 


j :■?. r-j!-.r.n AiMALYsis 


i 


I 


I 

I 

I 

! 

i 

i 

\ 


) 

I 


I 


I.LVrL NCV/ [ 2 ] , VVIl.L p.i: LEVEL [p.] UNDER EXISTING PLANS. 

h) m-CRIIR!-:i) ADVANCnvlENT - SHOULD RE TECI INOi.OGY iTEADY 

A I LEVE. !_ 4 ] l-OR OPlRATIONALSYSIEM USE RY fyAfiiClgTp J 
c) RISK IN ACHIEVING ADVANCEWENT; 

HIGH Q| MEDIUAI [x] LOW [“] 

il) CRi nCAl.lT Y TO 7 ! IE ACCCJMPI. ISI l|■•.'l^:r^lTS: QNARLING [71 OR 

INHANCINCi: HIG!l[x] MEDIUM □ LOW □ 

(;) l ASlCS NEEDED: STUDY ANALYSIS [7] RESEAnCH [”] j 

GRDTLStQ AIR CRAFT test □ SPACE FLIGHT TEST □ \ 

CTTHEI^ (Sji'if.ily) [ ] (Ctr.x;!; ont; (sr mn;' ;) j 

i) ROT RAfP: CANDliJiA'i E .YES...... | 


•7. 


CCMPLEiOEMTARV i 

USE OF Ti ns TEtX iNOI.OGY 


■ ADVANCEMEN TS RErFRRED FOR 

-LIGHT WEIGHT CONCENTRATORS 


5 . SPECIFY TECHNOLOGY ADVANCEMEN V REOUiRED TO 
ACCOVlPLiSlI Tl'-.ED 

THE sun's energy -IS- focuses UPON-A BODY, HEATING- -I T-TO - - — 

TEMPERATURE, THE BLACKBODY 

RADIATION THAT IS EMITTED MORE'NEARLY MATClfeS" THE RESPONSE OF 

A. SOLAR CELL, .. CELLS COVER. THE INSIDE OF- A. SURFACE WHICH 

ENCLOSES THE HEATED BODY, THE BLACKBODY RADIATION, EXCEPT FOR 

THE LONG WAVE LENGTHS, ' IS ABSORBED' BY THE SOLAR "CELLS 

C0RVELRIIN.G PART QF. IT INTil.ELECTRlCAL ENERGY, THE LONG WAVE _ 
LENGTHS ARE TRANSMITTED THROUGH THE CELLS AND REFLECTED BY 

THE -REAR SURFACE "BACIC ONTO THE HEATED BODY, WHERE TT IS 

ABSOR.B.EP. AND USED...Ta.HELP. MAINTA1N..THE. 3000O TEMPERATUREt 


< 3 ^ 




00^ 

ot. 







SPACE TECHNOLOGY NEED 


TITLE Thermophotovoltaic Power: 
Conversion Technology 


FORM NO. I 
PAGE 2 OF 2 


1,7,8,9,10,11,12/ 

NO. P-2/TE4 

THEME /W.G./ TASK 
date 4/28 /7 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

This propo s e d e ff ort evaluat es the f easi bn itj_ of _ a_ sj) e c ia 1_ tz e d 

_.42Plijytipn of jjhptoypltaics,. The approach is to build and test one 

■ ,or_more scaled units to demonstriite_feasibj l_it.y,. 


7. ALTERNATIVE APPROACHES/OPTIONS 

The alte rnate approach is to use larger sol ar arr ays or nucjear sources. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Analysis of 

Concept __ 

Design Test Unit . 
Test Unit 
Analys i s j)_f_Test 


p^nAility 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


,05.15 
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SPACE TECHNOLOGY NEED 




FORM IMO. I 
PAGE 1 OF.J. 




^ o 
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?:•• r> 


o *iJ f-] » . 


1- TITLF Thermal to Electrical: 


NQ. l. 7. 8. 10. 12/P-2/TE 

High-Performance Thermionic Conversion THEME / w.G. / i ASK 

DATE 4_/_26/76 


^ 08J^^TIV*” 

Acquire the technology for economical, dur able , high- effic iency thermionic 
conversion of heat from various energy sources to el ec tric power for use 
in a variet y of application s. 


3. NEED ANALYSIS 

a) LEVEL NOW (U . WILL BE LEVEL [j] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL FOR OPERATIONAL SYSTEM USE BY f^TF: 1995 tb 2000 

c) RISK IN AkCHIEVlNG ADVANCEMENT: 

HIGH □ MEDIUM □ LOW 0 

cDCRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH [xj MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Q 

CRDTEStH AIR craft test □ SPACE FLIGHT TEST □ 

O rilER (Spicily} □ (Chuck ona or mo;-j) 


f) RTu BASE CANDIDATE Yes: 506-24-21 lJ)6 31Ki 


COr/iPLE.MENTARY TECHNOLOGY ADVANCEM.EMTS REQUIRED FOR 

USE c:= THIS tec: ii'iOLOGV ( a) mate rial selection and evaluation. 

(b ) Ti lui d-metal h eat- pipe d evelo pment, ( c ) s olar concentrator 

_ile.Ye.l Qpment, . (d)_ cea£.tox.d.eY£] ojmen t 


5. SPE.OFY TECHMOLOGV AOVANCEry'EiMT REOUiRED TO 
ACCCMPLISMTJEED 

_Achieve .converter^eff icienMS of ^ P®TP®!1^ 

expected lifeti me s by 1985 and 20-yeaj^_expected_lif^titnes by 1990. 









SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 2 


TITLE 


Thermal to Electrical: 

High-Performance Thermionic Conversion 


NO1 .78.10.12/P 

THEME / W.G. / TASK 




rr — DATE 4 /27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 






- exper1me niAl_studie&..( NA S A T he rmin niiL -Enfirgy-ro nversion, (lECl Applted-Resear 

-aiwl-T«cimoT«^-(ART|^ tl>- t4>e-H<'esttUTn§-pedu€ed^^eT«c-t^ 

_^nctions, electron ref lections, and interelectrod el^es d emoSratTiiior e 
j^f^ent thermionic converts. The a cquire d TEC^ART information will allow 


7. ALTERNATIVE APPROACHES/OETIONS jo»jl,11ity of h1gl,-tem perat.re BraytoA 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHERI 




M IT. w/. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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1. TITLE 


Solar Concentrator 


FORM WO. I 
PAGE 1 OFi 

NO. . 4 . 1 . 42 .^ P-2/TE-6 
THEME /VV.G./ TASK 

DATE 4_ /26 /„/6 


2. OBJECTIVE 3 

A c hieve CQn c entrat jQrL- ra J tlo s orealec — than IQ with_coaf i g iirAtjnn stahil iti e 

appropriate for pointing accuracies of 0.1 degree utilizing light-weight 


construction and nondegrading surfaces. 


3. NEED ANALYSIS 

a) LEVEL NOW [D. WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED A^ANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY foATirT9 To~~l 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q) MEDIUM □ LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [TJ OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRDTEStQ AIR craft test 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDID.VfE Yes: N ew start 


COMPLEMENTARY TECHNOLOGY ADVAMCcMEWTS REQUIRED FOR 

USE Or THIS TECHNOLOGY (a) advanced steering capabi li ty, (b) high- 

temperature-receiver development 


5. .«JPECIFY TECHNOLOGY ADV,<\NCEMENT REQUIRED TO 
ACCCMPLLSM IMF.ED 

Acquire the technology necessary for solar concentrators with weights less 


than 1 kg / iii^ to pro d uce re ceiver lempej:at ur« of 1600 K to 13 00 K witho ut 
significant de g rada tion from ll-to-37 Hev protons withafluence of 
3xl07cm^. 




SPACE TECHNOLOGY NEED 

thermal to electrical ; 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(iLltah t weight substrate develn pmprn- 

Cb-) C Q mp a t . i h le . reflec ti ve -surface maf - in j; 

Ccl_protettlve cover naterlals. _ 

-i^JTradiatiQn. lest, documentation. 

(e) high temper^tiirp 


FORM NO. I 
PAGE 2 OF 2 

I ./. d, lU, II, 

N0.J2^P-JZJE;6 

THEME /W.G./ TASK 

DATE^ m / 7K 


7. ALTERNATIVE APPROACHES/OPTIONS 

None Available 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM [ 76 I 77 I ^ 


TASK ITEM 
Substrate 


illl- 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


6 Is Is Is 


[■■Miiiiniii 









LEVEL 1 ■ASICrMENOMENAOtSCfIVEOANOIIEraRTED S COMPONENT OR BREAOIOANO TESTED IN RELEVANT 

OFSTA1E 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR S MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7 MODEL TEHEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


/— 

SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF JL 

1. TITLE Thermal To Electrical; NO. ^ »7t8>10t12/P-2/TE-7 

Heat Pipes with High Thermal Power THEME /W.G./ TASK 

Densities DATE ^ 


2. OBJECTIVE 

Establish materials. d esl 9 ns. and pro t osslng fnr afflrlant , duBAhla, 

economical heat p.'pes for space applica tions Involving transport of high 

themal power densities at Intermediate and high operating tenperatures. 

3. NEED ANALYSIS 

a| LEVEL NOW [3] , WILL BE LEVEL (4] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW [x] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY £] ANALYSIS 0 RESEARCH □ 

GRDTEStQ] air craft test □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE Yes; 506-16-31 ($400) 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 

(a) Materials compatibilities. 

(b) Materials with high static and dynamic strengths or high tanperatures. 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TD 
ACCOMPLISH NEED 

Achieve thermal power densities greater than 10 H/on^ for Intermediate 
temperatures and lifetimes greater than 10 years by 1985 and 20 years 
by 1990 for high temperatures. 








SPACE TECHNOLOGY NEED 

Thermal to Electrical 
-Heat Pipes with mnh TKpn„= 


_Dens1tjes_^ _ ^ 


FORM NO. I 
PAGE 2 OF ? 

NO. 1.7.8.10.12/P-2/TF-7 
theme /W.G./ TASK 


- DATE 4 /28 , 76 

6. RECOMMENDED APPROACH/PHOGRAM .-LAN TO ACCOMPLISH NEED 

7. ALTERNATIVE APPROACHES/OPTIONS r« Ti i ' — 

Conventio ^ h eat-transfer methods 




9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM 




MANPOWER (M-Y) I I I 

INHOUSE |3 13 Is 

CONTRACT 


8 l8 l8 








SfACfi T..CHWOI.OGY N2E0 ' \ 

’’rrmt:' — — ™ ! 

-thermal to . ''•'0-- i-^Zx-l.ZPrJ/']CE-9 

iSaatCQrErMiLC^r..En^^^^ Co n ve rs 4 on__ Tf /tM!: / w.G. / TASK 

.TZr DATF ^ 1^2 ilk. 


2 . OBJECTIVE 
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j 3. MSeo /-.IMAI.YSIS * 

a) LEVEL NOW , WILL HE LEVEL Q] UNDHH EXISTING PLANS. 

I.) HEOUmL=D ADVAr.’CEMEM f ~ SHOULD UE TECHNOLOGY HEADY 
AT LEVEL [J l-OH OPEilATlONAL SYSTEM USE HY fo.nf " 26 W 1 
c) mSK IN ACHIEVING ADVANCEMENT: ” ' 

HIGH □ MEDIUM □ LOW □ 

(I) CnmCALIl Y TO THE ACCOMPLISHMENTS: I NMILING □ OH 

ENHANCING: HIGH [x] MEDIUM □ LOW f] 

0 TASKS NEEDED: STUDY (x) ANALYSIS HESEARCH fc“] 

CMDTESrG Ain CRAFT TEST □ SPACE FLIGHT TEST H 

' j n on^^) 

1 t) ROT riASE CANDIDATE G 506 - 2 ^ 1-11 

I A GOM:T..:MENTAnVUCN^KP.OGY AOVAfJCEMENTS^ 

USE 0 .- -1 ill.S TECHNOLOGY (a)_SeparaJ;_l^^ .(buffer jgas an 1 

riaalon .pr.^ucts. from^fuai, 4 b) -hl-gh-tampar^ture woriang-nui^ 
£°B?almnentj J^c ) Sas-cqre-reactoji tech 

I 5 . SPECiFV TECHi>.K»L 03 V ADVAiJCEMEHT nnOUIR^)) TO 
j ACCCMPLiSH NEED 

j ££ 1 ®£'!££® . £^^ology . requ^ed to utiliz e the_ very high 

£ 5 £ 5 i?^r.Piasna te^erat ures_ ln_ob_talningJhl 
energy-p.oaY.er 5 iQjo_eff.lc.l.eiicle 5 .^ 

iIIbThllS?^than^ ?iyAd_temBerIt^e i 

WHD might* 

“°P -, °*' '""ey converters high 

.SyefopeS ■mlertroiMgnetltr*be»nr generatore-) might- -be- 

— i— 'i??-a 1 ysnoomentj-eaulred Is 

£L.apPZPPrUve_eneri;yj::C^ technology for the g'as-core- 

reactor. * j 


SPACE TECHNOLOGY NEED 


^ FORM NO. I 

TITLE PAGE 2 OF o 

0,3. 

-£aajlt iir Knor.n.y Pn mri i ■ -li/Zzi 

energy rnaverfilnn THEME /w.g./ 

6 . recommended APPROAcii^^^^^^^ - DATE_.^ / 2 ^ 76 



7 . alternative APPROACHES/OmONS — — — 

energy con~;;;;:;;T;r ;~ 


^O —J-t? I J _^P-2 / TK. 9 

theme /W.G. /TASK 


I 9. TECHNOLOGY SCHEDULES 
^HEDUL E ITEM |76 |77|7«J^ 

task item 

H igh Te mp^qn^ 

CycJLe Efflcioncl 

Irit££ratfi_.aQilJ 

Sys tem Stud y^ j 


gCSBijQlEaiDQ^ 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 
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SPACE TECHNOLOGY NEED 

1. title thermal to ELECTRICAL: 
FOR SPACE APPLICATIONS 


2. OBJECTIVE 

Provide the techno! qc 


FORM NO. I 
PAGE 1 OF 2 

NO. Im 8/P-2/TE-1Q 

THEME /W.G./ TASK 

DATE 4 /29/ 76 


furnaces for materials, processing and manufa 


3. NEED ANALYSIS 

a) LEVEL NOW [ 3 ] , WILL BE LEVEL (j] UNDER EXISfiNG PLANS. 

b) REQUIRED A^mNCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [3 for OPERATIONAL SYSTEM USE BY I DATE: 1QQ«;1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW Q] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH □ MEDIUM Q] LOW □ 

e) TASKS NEEDED: STUDY (J] ANALYSIS [3 RESEARCH Q 

GRDTEST[X] air CRAFT TEST □ SPACE FLIGHT TEST ,[X] 

OTHER (Specify) (Check one or more) 


f) R&T BASE CANDIDATE 


New Start 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY a) Large-structures stabilization 


_t^Ughtwe1aht. long-Hfo, hlgh-temoerature thermal Insula tion, c) high- 
concentration-ratio solar collectors. 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Attain temperatures near SPOOK wit h durable i economical solar furnaces 


tra tlon-ratio solar collectors; precise poi nti ng capabilities with space- 

effectlve structures; and furnace caviti es wi th high radiation reception 

^d retention. Processing will Involve at least photo c hemistry, mass 

spectroscopy, mineral separation, vap or depo s ition and Ion Impl ementatlon 

with particular ad apta tions £or metal ref^nl^^^ wd fissionable materials. 


I 



SPACE TECHNOLOGY NEED 


FORM NO. 
PAGE 2 OF 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Select from the aolar^oon oait rator technolcxiy base highly reflective, 
rediatlon resistant inaterials and str uctuires suitable pr»yisef 

st a ble mnta i rs .a»lj»ijitin6t^_„ u furnace designs with highLcadiatioiL. 
reoq)ticin and re teitio n capa bilities. Design, fabricate, and e valuate 




7. ALTERNATIVE APPROACHES/OPTIONS 
reactor. 


Fumanoe uti li zing a q as- oore 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 
Solar~oonoentrator t echnology base. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


Evaluation 


Desiqn Ref 


MANPOWER IM-Y) 

INHOUSE 

CONTRACT 


.2 














SPACE TECHNOLOGY NEED 


I X O 


FORM NO. I 
PAGE 1 OF_i 


NO. 1»7.8/ P-2/ TE-n 
theme / W.G. / TASK 

DATeJL- /29 / 76 


^ve stlgate lunar uranium and th orium p hacc:- 


— — mQ.ucj. -Lrf I r 

and_^l lability, and determine practical methods for In- 
sltu_ processing and/or separation . for fuel prodnnhinn. 


3. NEED ANALYSIS ' 

a) LEVEL NOW (T) , WILL BE LEVEL H] UNDER EXISTING PLANS. 

b) REQUIRED A^ANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL FOR OPERATIONAL SYSTEM USE BY loATErPnn n I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM p LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING fTl OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS □ RESEARCH H 

GRDTEStD air craft test □ SPACE FLIGHT TE^ H 

OTHER (Specify) fl irv. l 

' ' I — I (Check o ne or more) 

f) R&T BASE CANDIDATE Yes: New Start 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY uuiMtu hOR 


•“ »- » Sl 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 


thermal to ELECTRICAL: NUC L EAR FUELS AND f^Q 1 , 7 , 8 / P-.'^ /TF-ll 

BREEDER STOCKS FROM LUNAR SOIL THEME / W.G. / 

— — date 4 /29 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

— Luiliir a urvpy 

— ^ ^ v§ 1 ^ t Ion ,categorl z atl on 

(c) P rocessing analj^sis 

(d) T est demonsti^atlon ~ 

_(ej_ Prepare fun ction al soeclfM 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES IRTOP. OTHER) 

lunar^ mater ials studle .s 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Soils Survey 
Materials Stui 
Processing- stu^ 

T eS-U nemrn-|g p 

P u notlonal So e 




MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


BniinBHiiniiiiii 





.i^cr 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OE.__i 


1 . TITLE — XRANSMlSSiON-:-Ml.CRQWAyE_TransniissionNO. „ D77..P2/TX-1 

THEME /W.G./ TASK 

P/XTI-: / 29 76 

2. OBJECTIVE 

-PROVIDE A TRANSMISS^ION MEOIUM FOR THE TRANSFER- OF - 

POWER BY USE OF-MICROWAVE TRANSMITTER (MPTX) AND A RECEIVER/. - 
CONVERTER (REC-TENNA) 

:l need analysis 

o)LLVl l NOW 14 J. will UE LEVEL [3] UNDER LXIS TING PLANS, 
h) m.OllMU D A!3VANCLMFN r - SHOULD IJL- TECHNOLOGY Ilf ,ADY 
AT I EVEL 1 71 r-OU OP! G’Ai lONAI. SYSTEM US:-. SY [uvi: 198i_l 
c) RISK IN AC! IITA'ING ADVANCEMENT: 

HIGH [J MEDIUM ^'1 LOW (“] 

tDCHi I K:ALI I Y l(> THE ACCO?.;PLlSI IMLN TS: i NAIU.ING [x| OR 

INIIANCING: HIGH [ ] MEDIUM [_| LOW (~| 

c) tasks NliEOED; STUDY ['] ANALYSIS □ I^ESLARf:! I □ 

GRDT!;St('J AIR char TEST IJ SPACi: rUOH T TES! fl 
OTHER (Siiofiiv) T TECHNOLOGY DEVELOPMENT. A’l 

f) RkT rase; CANDIDA IE INITIATIVE CANDIDATE FY'78 


■'t. COMPI l.n.;Ni A.^V I- CDNOLO'A' ADVANCEMEI'l I S Hl-iGUiRED 1 OR 

ELSE o;- mis YECHM. 'i.OGV POWER -"cw" TRANSMITTER FOR RF 

(MlCROWAVEi l.E.i "s" BAND) AND COMPLIMENTARY RECEIVING _ 
CONVERTER. _ 

Li. SPl-CIE V TLCl i.'iOLliOY AiVLAr'CT.I'/ILN 1 RSC'DRiED Vri 
ACCOMPLISH iMEE.n 

1) REQUIRE MEGAWATTS PLUS HARDWARE CAPABILITY TO GENERATE, 
TRANSFER TO ANTENNA, ANTENNA HARDWARE (BEAMFORMING) , 
STABILIZING STRUCTURE FOR ORIGINATION OF RF POWER. 


2) REQUIRE STUDY FOR UNDERSTANDING NATURE OF SUPER POWER * 
- ELECTROMAGNETIC ( S BAND) PROPAGATION PATH NORMAL TO 
EARTH (I) ENVIRONMENTAL EFFECTS, ENERGY SCATTER EFFECTS, 
EMI CAPABILITY. ' 


3) REQUIRE receiver/converter HARDWARE DEVELOPMENT FOR CAPTURE 
AND CONVERSION OF RF ENERGY AT RECEIVING STATION. ' ’ ' 


I 

6 
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SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 0F_ ^ 

1. TITLE Transmission: Laser Power Converter NO. 07 / P-2 /jX-2 

THEME /W.G. / TA^ 

DATF 4 /29 / 1976 


2. OBJECTIVE 


Provide efficient means to receive and convert laser 


radiation (5pM) to electrical power 


3. NEED ANALYSIS 

a) LEVEL NOW [z] , WILL BE LEVEL (T] UNDER EXISTING . ' ^NS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY riiAT?:1978 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH MEDIUM □ LOW Q] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [x] OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS ()J RESEARCH 0 

GRDTEST0 AIR CRAFTTEST n SPACE FLIGHT TEST 0 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Laser Power Transmitter 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

♦ De velopment o f t hermal or resonaiD^j^sorption hM engines 
^ with high efficiency potential for convert '.iig laser beams 
t o elec tri cal ener gy. 



LEVEL 1. BASlCPHENOMEKAOBSeKVcOANO REPORTED 5. '“O.VROf.ENT OB BREADBOARD TESTED IS RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART L THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SFACE ENVIRONMENT 

t. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF ? 

1. TITLE Transmission: Laser P ower Transmitter NO. 07/ P-2/TX-3 

THEME /W.G./ TASK 


DATE 4 /29 / 1976 


2. OBJECTIVE 


Provide high power laser transmitter for use in space 


3. NEED ANALYSIS 

a) LEVEL NOW [H . WILL BE LEVEL S UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOUl D BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY |oATE:1987 ~ l 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM □ LOW □ 

cl) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [7] OR 

ENHANCING: HIGH [£) MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH □ 

GRDTESTd] Al R CRAFT TEST □ SPACE FLIGHT TEST ^ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
Ubu OF THIS TECHNOLOGY Lase r power 


Large power s y stems for space. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 60t effici ent, closed-cyc le, electro^asd^ami c CO. laser. desig ned 
and qualified for space usage. 

0 30 -meter object iv e optical system auaJ Itted. for jUrectlng JAser_ 
bea m with 10~' ra di an a ccuracy 








SPACE TECHNOLOGY NEED 

^ 

FORM NO. 1 

PAGE 2 OF 2 _ 

TITLE electrochemical CONVERSION 

NQl- 7, 8. 12/P-2/ECC1 

LIGHT-WEIGHT FUEL CELL 

THEME /W.G./ TASK 

DATE 4 /28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

This is an on-goino task and the approach is to d es i qn i fabr i c a tft i te s t 

co mponents snd inodulcSy cind deinonstrsto the cornpl et g — powgg — P l ftHt — 


using propellant grade r e actants. It is a coord in ated progr am_Mtwe.en. 
LeRC and MSFC. The plan is to develop e modj^ar^system. 


7. ALTERNATIVE APPROACHES/OPTIONS There is no alternate for some of the 
specified requirements especially for some Space Transporta tion Systems. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


r 

SCHEDULE ITEM 



76 

77 

78 

79 

80 

81 

82 

83 

84 

8'j 

86 

87 

88 

89 

90 

m 

EQ 

B1 

EQ 

m 

TASK ITEM 


m 



















Single Cell Des. 


T 




















2 Cell Module 
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V 


















Multi-Cell Stack 
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— 

















Deslgp 

Power Plant Des. 



___ 

__ 

















pnw^r Plant Fab. 
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V 















Power Plant Test 
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Operational Use 
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MANPOWER (M-Y) 
INHOUSE 
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FUNDING (10^$) 
INHOUSE 
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SPACE TECHi'JOl.OoY NEED 


1. TITI.E Power Systems - Automated Power Systems 


Management (APSM) 


FORM NO. I 
PAGE 1 OF 3 

K'O.IoZul:il 7_P-2 /s-2 
TIIEME/VV.G./TASK 

I-)ATF_1. /26 /_76 


» > • .V r. 
f, < Cj !*. 

.? I*; C: 

■ ' '‘J r; u* 
t t. i.i 

. ; o » 
ty *: 

* * •; »• 
y • i 

.• •** 

^ r» cj 

* i?i »i» 

r- tj I- »- 
• — ; *•* €.0 


2. Oi^JECTIVE 

lo deyeLop power. systems c3paUe_Qf autcwietically perfo.rmlngjngnitprinflj, 

comput^ionaT, command, control , and self-test and repair functions. 


3. NcEO ANALYSIS 

fi) LEVEL NOW L?j, WILL flE LEVEL [4j DNOLR EXISTING PLANS. 

b) RLOUlilEf) advancement - SHOULD liE TECII.ViOLOGY HEADY 
AT LEVEL fS] FOR OPERATIONAL SYSTEM USE HY 

c) RISK IN ACTilEVING ADVANCEMENT: 

HIGH [2J MEDIUM Q LOW [ xl 

tl) CHITICAI.1 1 Y TO THE ACCOMPLISHMENTS: ENAIU.ING [^| OR 

ENHANCING; HIGH □ MEDIUM □ I.O'.V □ 
o) TASKS NEEDED: STUDY [J ANALYSES f>[| RESEARCH fj 

GRD TEST □ AIR CRAFT lESf fj SPACE FLIGHT TCSJ fj 
OTHER {.S;v.viiy) d^^^^ __ (Ch-ck oiif- or mc.ro) 

i f) R SiT B ASE CAMDIDATr: Ym;. RI0P_506;23235; fY. 76 = $7^^ 

4. COMI'I.LMENTARY TECHNOLOGY ADVAiMCEMEN iS Ri-DUiRl-D r: '.i 
USE OE 7 ! M.S TECHNOLOGY none 
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b. SPL:^ ■zCMrlOLOGY AD’v'.GNCL.'/IEMT RErPOLRED TO 
ACCOM.-'LISM NEED 

•_JvaJu^e t he mission sets to determine the degree of required automation. 

• Develop APSM for each type of power system. 

!L J^rdware and software. 

• APSM unioue hardware includes many monitors (that" is'i~ sensor s7,~analdg-T;o 

dig1 tar conversion equipment, microprocessor based computers.- Of 

these, the major development Ugm are thesenjors which should be small, 

low-loss devices since many will be needed: sensors ar^e the major~” 

hardware ctiaTTendeE — 

I ^I’he major design challenge. is to provide APSM which will operate 

hardware efficiently, achieve long-life and reliability for the power” 
system, and' permit autonomous' spacecraft operation. — 



SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 2 OF 3 


Autgnated Poier Systems 


NO.U 1 0^ ^2 / ^.p 

THEME /W.G. /'task 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 








• Perform in two maior 


f 




7. ALTERNATIVE APEROACHES/ORTIONS lONE. Autgiated cap^illTv 
^ "1’ plAnpl-nty miwionT rtii. Tn , 


vMch preclude grouixi control. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

— - - nmnr> ca^ aa 


for pheise tewp is needed 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Phase 1 




Test & Eval. 


— Des. & npv. 

Test & Eval. 


MANPOWER (M Y) | 

INHOUSE 1*3 

CONTRACT 


BBBBBBflBBBflflBBBBBBBB 




























SPACE TECHNOLOGY NEEO FORM NO I 

- PAGE 3 OF 


title „ 

Power Systems; no. 7,8,11 P-2 S-2 

^tomated Power Sys tems Management: THEME /W.G. / TASK 

— E. dX‘th Orb i t al — Mis si ona DATE ^ l'e.1 / 76 


^ower S^ 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Develop advanc ed automated system management concepts 


^ Establish technology readiness by 1 9 8 0 

— D e velop nec e.s,sarj^ SLe_nsor3._fpr system m o nltorlnt;: Inn iudln g 
cofnpute r ,soft\^rej data processing, etc . 


7. ALTERNATIVE APPROACHES/ORTIONS Automated caoabllltv Is needed 
for all earth orbital missions. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

^6-23-35 However, expansion Is required to Include earth 

orbital missions . 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 




TASK ITEM 

Phase 1 


^rcept DeP 

Design 

Develon 


Test 


llliiii 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


nmsssiissnssimimi 







level I l»ASICnillH»lilNA(lliSIHVIllANU8lfO«rfll *• OH IMI A0B0A80 Tf SUO III 8t ltVA*T 

OFSTATE I IMIIIHV I ilHmi All U 10 IIISCNI81 PHENOWiNA INVIRONMENT IN THE lAIORATORV 

OF ART I IHEUH li:>IIUIirrHYSI(.Al lAPEIIIItCNI OR s MOOtl TESTED IN AIRCRAFT CNVIROimiMT 

MAIHEMAIICAl MODEL ' MODEL TESTED IN SPACE ENVIRONMENT 

I PER1INENT EUNCIION OR CHARACTERISTIC OEMONSTRAIEO 


REVISED: Supersedes Previous Issue dated 4/26/76 


SPACE TECHNOLOQV NEED 


1. TITLE Power Systems fnew initiative] 
Advanced Power Systems Techno1( 


2. OBJECTIVE 


FORM NO. I 
PAGE 1 OF _2 


THEME /W.G./ TASK 


DATc_l_ /28;_76_ 




missions. 


3. NEED ANALYSIS 

a) LEVEL NOW Q] . WILL BE LEVEL [D UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL [T| FOR OPERATIONAL SYSTEM USE BY |0ATE:1Q-1-791 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [Y] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS [x] RESEARCH □ 

GRDTEStQ air craft test □ SPACE FLIGHT TEST □ 

OTHER (Specify) 0 Development (Check o n e or more) 

FY76fOi FY77 overguideline RTOP; will be 

f) n&T BASE CANDIDATE New Initiative for fy 7B start. 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY (1) High temperature solar arrays. PCI and _ 

(2) improved rechorqeable 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

•Provides high temperature, light-weight power s( 


•P rovides high temperature, liaht-weiaht power sources (e. g. solar 

• loelectric generators and gallium -a rsenide solar ce lU) for Mercury 
■iter mission spacecraft whic h will be _e)y)pse^d to extreme ly high thermal 
loading due t o sun and planet influence. . Al_s l jnuxt jir o.v ide . lightweight 
high watts /KG power sys tem to minimize mass to be injected into orbit 


• De/elops power sys tem technol ogy for ^lar_e3tploratinn facilit i es nee ded 

S tarting 1990. Includ es concep t work, plannin g, and development of 

advanced sources, energy stor age, power p rocessing, and advanced s ystems 
for 10 - 25 year applica tions in planetary envir onments at po wer levels o f 
1 watt to 1 megawatt. 



SPACE TECHNOLOGY NEED 


TITLE Power Systems 


Advanced Power Systems Technoloc 


FORM NO. I 
PAGE 2 OF 


No 1.H/P-2/S-4 

THEME /W.G./ TASK 

DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

I B road Goal; Po w er system definition (conce pt design) + hardware 
technology readiness for solar exploration theme 10. 

» P hase I; PS fo r Mercur y Or biter Mission Launch early 80 's. Define 

* Lrade-oFf competing sources^,^ identrFy” h~ardwar^’need 2 d 

» Phase II; Deve lop sources, energy storage, power systems concepts 
tor inner and outer planet study facilitiesT 


7. ALTERNATIVE APPROACHES/OPTIONS None. These missions need advance 


systems , 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

On-Going = None 

• Proposed ove rguide line RT O P for FY TR/7 7 start for Phase I. 
Need additional program for Phase II. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Phase I 



•PS Concept Def 

Pha^£ J I 

•PS Concept Def 

•Device Develop 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


FUNDING (10®$) 

INHOUSE 

CONTRACT 
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NO. U - 
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SPACE TECHNOLOGY NEED 


TITLE Power Systems 

Power System Generation and Distribution Bus 
Voltage Technologv 


FORM NO. 
PAGE 2 OF 2 


Kin 1 .7-12/P-2/ S-5 
THEME /W.G./ TASK 

» 

DATE 4 /28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
0 Definition of user power, voltage, current needs for S/C exceed! 


conversion and processing, and distributio n 

0 Se1ected *^ hardw a re development and test to verify approach. 

0 Develop standard specifications for high powe*" systems. 


7. ALTERNATIVE APPROACHES/OPTIONS None. High-current , hi gh-power 
systems are inefficient and probably unworkable. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 




solar exploration operational need dates 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


Selected desig 


■npw M 

■■■■ilsiBaEiEiBaigr 

BBBBBBBXBBBBiiiflBB 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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SPACE TECHiMOLOGY NEED 


form no. I 

PAGE 1 OF.__i. 




1. TITLE POWE R SYST EMS: 






Project Oasis 


no.1jlJ?/Pi2/s-A 

THEME /V;.G./ TASK 

DATE_1_ /26 lJl3. 


“ItlSIXe the fe«lbniti.jnl?9"fiad«tJi!a-?l^ ,'j>."9-iife 

orbiting electrical power utility ^at^ fo^ 


■^P&l-lcationw 


3. NEED ANALYSIS 

a) LEVEL NOW [T] , WILL BE LEVEL HI UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD DE LECHNOLOGY HEr\^Y — 

AT LEVEL |T| FOR OPERATIONAL SYSTEM USE BY 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM LOW □ 

(I) CRITiCALIT Y i O THE ACCOMPLISHMENTS: ENABLING OR 

t^lANCNG: HIGH □ MEDIUM □ LOW □ 

c) TASKS NEEDED: STUDY [x] ANALYSIS □ RESEARCH 0 

GHDTEStO air CRAFT TEST □ SPACE FLIGHT TEST [J 

OTHER (Spocify) [x] _ Hardee 

D RfiT BASE CANDIDATE Yes — — 


:• c> 
o >- 

iV* Hi 

r rZ -• 


T. COi^LELiENTARV TGCI’NOLOGV ADVANCEiViEN TS REQUIRED FOR 

USE Or THIS YF.GLiNOI.OGY 

All other p-2 submissions 




^ li SPEC.." V TECHNOLOGY ADVANCE VIENT FlEQUiRirD :0 
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5 ACCOMPLiSH NEED . 

Present and pi anned space ppwer con^cepts .require expensive and 

I - 1 « m4 ^ 4 /M^C 


;e7etit1.e‘costrinlde7eiopn,ent;.Jau^^^^^^^^^ 

The proposed" neu“initiative would reduce or eliminate these tos^s 


needs winTnweaTe^'v^i^Jeyo^.prM^ 
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SPACE TECHNOLOGY NEED 


TITLE POWER SYSTEMS: 
PROJECT OASIS 


FORM NO. I 

PAGE 2 OF 


M2/P-2/S-6 
THEME /W.G./ TASK 

DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
- 100 kw DEMONSTRATION OASIS SYSTEM - 


Phase B Prelimi nary design and tradeoffs 

Phase C Final design 

Phase D Fabrication 

Launch and operational in FY 1985 


7. ALTERNATIVE APPROACHES/OPTIONS NONE 



8, CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


NEW INITIATIVE 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


riiam(n|iQ|E3EDG!llEai!ailllE8iDEaBlQ^ 

■■■ 

8H8ieiiaaHBiB:iH 

ISSEBIIHBBiaiBinnl 

HHlill 



Phase 0 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 











SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 0F.____2 

TITLE _Power Sxs tens _ NO. . ii 'iV’-^Sr? 

Automated Te s t Techniques an d Technology TH*EME / W.G. / TASk’ 

DATE _4_ /27 /i6 
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1. TITLE Power Systems 



3. NEED ANALYSIS 

a) LEVEL NOW d , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [da^'T?80 JJ 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ ' LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH [3 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 ‘ 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST □ 

OTHER (Specify) 0 Development (Check one or more) 

f) ROT BASE CANDID.VrE Y es: RTOP 506-23-33: F Y’76=65K: to be expanded 


A COr/iPLEiMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE Or THIS TECHNOLOGY This technology t o be ap p lied to multi -redundant 
advanced p ower processors (RT OP 506-23-33) and Automated Power Systems 
Management (RTOP 506-23-35). 


5. SPECIFY TECHNOLOGY AOVANCErvlEN f REOUJREO TO 
ACCCMPLISi-l NEED 

0 Present p rogram dev el ops compute r oriented test s et for mul ti -re d unda nt 

plan et ary pow er processing in development. 

0 Expan de d effor t would develop automated tes t t echnique s for Automatert Power i 
Sys terns ch e ckou t and test dur ing fi ight projec t a ctiv i ties. 

0 Deve lops a utom at ed test technolo gy and e quipm ent for in-orbit checkout of 
on-board s pacecraft power sy stems prior to release from sh uttle or ASTS 
(expanded effort). 

0 Expan ded effort to deve l op high power, h igh vol tage p ower so urce simulators 
for s olar electric missions. 






SPACE TECHNOLOGY NEED 


Power Systems - Automated Test Techniques 
and Technology 


FORM NO. I 
PAGE 2 OF _g _ 


1,6,7,8,9J0 
NO. 

THEME /W.G./ TASK 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

) The co mputer oriented test set (CTS) will be based on a general 

purpose computer and appropriate peripherals. A variety of systems can 


3 The expanded effort to test the APSM function will use the ongoing effort, 
as a oasehne with addifTonal technology developed as required. 


f JTI ■ ^ 




out of power subsystem. It will be designed to be simple, lightt 
suTTicientiy rugged, and operate reliably in a launch and zero gravity 




7. ALTlRNATIVBAlVflOAtTiES/OPTfON^simulators (up to 1 MW, and up to lOOOV) 

No other reasonable alternatives exis 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 




indicated below, as well as an expanded ef fort. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 
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CONTRACT 
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2. OBJECTIVE 

p«.x. I. iT*» . 


form no. I 

PAGE 1 OF 2 

NO. _ L_ 8/P-2 / ■<-« 

theme /W.G./ TASK 

date JL /2Z / ■ 76 


^ auKK'wrt d 0-tO-l<^-man lunar base ODeraflnn 

jn extended time pprinH «e^peratl^or 


3- need analysis ~ ' - 

») level now □, WILL BE LEVEL Q] UNDER EXISTING PLANS. 

AT LE^.^ra pno^n ' should BE TECHNOLOGY READY 

^ OPERATIONAL SYSTEM USE BY IdTiT T ?93 I 

0 risk in achieving advancement- lOAIE^ZgO 

high □ medium □ LOW □ 

'I tasks NEEDED: STUDY Q ANALYS^HTI r-, 

(Check o ne or more) 

base candidate Yes ; New 

' USro‘p^?!^rc:N^tSGY^“Tr°''''""T"^~"* 

itcMNOLOGY alJuMr^^ac^ cacaWlitv hi 

— lunar orbit, j2_emergency personnel vphirix. - 


' ACCOM^uirNEED°"’' «WUIRED TO ' 


SPACE TECHNOLOGY NEED 


TITLE Power Systems: Large Power System for 

Lunar Base 


FORM NO. I 
PAGE 2 OF 2 


THEME /W.G./ TASK 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

a. Power requirements estimates (solar and nuclear) 


). User requirements definition 


c. Conceptual des ign 

d. Lunar surface installation detail 


fc. Multi -hundred KWE module design (solar and nuclear 


f. Solar/Nuclear system integration studies 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Space solar and nuclear systems technology 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Requi rements 


Instal. Detail 


Solar Module Desi 


Nucl^cr Mod. Desi 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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FORM UO. I 
PAGE 1 0F_ 2 




1. TITLE I 


no.J 41 : 1 /P_- 2 ^H__ 

TIIEMi; / V'(.G./TAS!< 


Experiment -New lNiTiATivE-f1iD-80 ' s 


uArciM Hcni ~ M cn ini 1 iMi i vc~i uu ou a DATE U f ?Q/ 7fi 

2. OBJECTIVE 

IO-P-ETERfyjiE.THE_lPACL.fJ.AS^^ THI^ 

VEAX. LARGE SOLAR P OWER SYSTEM S PROP OSED FOR THE 9Q^S. _ THIS 

WILL BE A SPACE FLIGHT TEST PROGRAM INCORPORATING THE TECHNOLOGY 
— eqblic5£Se:iq H£BI3^:<?t^ 

3. NEED ANALYSIS 

a) LEVEL NOW I] . WILL BE LEVEL CD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECI INOLOGY READY 

AT LEVEL (3 FOR OPERATIONAL SYSTEM USE BY IpATi-iq^ ~| 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY C3 ANALYSIS fj() RESEARCH f~| 

GRDTEStO air CRAFTIEST CTI SPACE FLIGHT TEST 0 
OTHER (Spacify) □ ^hfeck one or more) 

f) R-Vr BASE CANDIDAT E M^N IT.l AIIVE- I M JllP-SD.! 

4. CO.MPLEMEMTARY THCMi'JOl.OGY ADVANCEIVIENTS REQUIRED FOR 

USE OF THIS TECHiOOLCGY . JllfiH-.YDLTAfi£rJdlG]i_PQWER lECHNQLOGY, 

ENVIRONMENTAL INTERACTION^ POWER TRANSMISSION 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 — UTltTZE-SP^lNX b/C PROGRAM RESULTS* 

0 D EVELOP MODEL FOR_ SCAL I NG_TQ .LA^E _ S I ZE AND _LARGE_WWERS 

0 DEVELOP PROGRAM TO J_NCORPORATE THE HIGH POWER TECHNOLOGY 
INTO FLIGHT test." ■ 

0 ~BDrO 5 ~AFro'FLT HT 5 JI()N; 


r 

\ 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 2 OF 2 

Environmental Interactions: 

NO. 7. 8, 1.1 /P-2/EI-1 

Megawatt Power System Interartinn 

THEME /W.G./ TASK 

Exoeriment 

DATE 04 /29 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Conduct flight test-program t o detfimilnft thfi extent of the interactions 

between the space environment and the large surfaces of the megawat t 

power systems pr opose d for space systems. These Interactions w ill 

include the en v ironme ntal charging interaction as well as the high 

voltage-space plasma interactions. The data will be used to provide 
the criteria for designing these systems. 

7. ALTERNATIVE APPROACHES/OPTIONS „ ^ , , 

Restrict op er a tin g v o lt age l e v e ls 

of these systems. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Environmental Charging of Spacecraft Surfaces (RTQP 506-23-36): Integral ly 

Regulated Solar Array (RTOP 506-23-30hS?HINX - new -tnUlatlvp , 

Space Plasma-High Voltage Interaction Study - New Initiative 

9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 
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SPACE TECHNOLOGY NEED 




1. TITLE 


ENVIRONMENTAL CHARGING OF SURFACES 


FORM NO. I 
PAGE 1 OF - 1 

WO. P- 7/gj _2 

THEME /VV.G./ task' 

- DATE_1. /29 / 76 


2. OBJECTIVE 

To determine the effects of and means of controlling both the 


differential emd absolute charging by the space envlro-ment 


of the exterior surfaces associated with large satellite syste 


3. NEED ANALYSIS 

a) LEVEL NOW [3, WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOUl.D BE TECHNOLOGY READY 

AT LEVEL Q FOR C.^ERATIONAL SYSTEM USE BY n^T lTT^ann 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHiVlENi:.. ENABLING OR 

ENHANCING: HIGH □ MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS RESEARCil 

GRDTESt[ 2 AIR CRAFT TES r Q SPACE FLIGHT TEST 0 
OTHER (SiJ3cify) Q] (Check on.-; or more) 

f) R&T BASE CANDIDATE Yes (5 06 -23- 36 $575K ) J 


A. CO.ViPLEMl-NTAnY TECHNOLOGY A[>V AMCEMEN fS MEQUIRED FOR 

USE OF THIS TECHNOLOGY Non-ch a rgin g roateri als development 


5. SPECUW TECH.NOLOGY ADVANCEMENT REQUIRED TO 
ACCCMPLISI-! NhED Develop model of interaction for l&rge 
satellite sy st e m surf aces wit h the environment. 2. Determine 
charging characteristics and transients Induce'd in sysl:¥m8 
-hy^ -4ieoha r ges as -funct ion- -of -nat«rial»^ size.* .. .and..enyimnineiita 
_rondit^ons (Testing) . 3. Determine means of controlling 

the charging 47 ' Extend" rnddeX* frdin~grbuhd“t2St~^5Battlon®' 

-te-«pece o o nditiow e, Verify model with space f i ight-. 

_6. Provide design guidelines for developing power system-^ 

_£fiXLj®aca - 


SPACE TECHNOLOGY NEED 


TITLE 


Environmental Interactions: 

Environmental Charging of Surfaces 


FORM NO. I 
PAGE 2 OF _2 


THEME /W.G./ TASK 



PATE 04 /29 /7fi 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Cont inue work being conducted under the e xisting charging investigation 

(RT OP 506-23-36). Extend investigation by developi ng models of the 

charging of jargej t^cl^s_prop^e^ terns . 

modeTs_bj^grpunl^ to verify beh a^f^ 

in space environment. 


7. ALTERNATIVE APPROACHES/OPTIONS 
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SPACE TF.CMiMOLOGY NESD 


FORM WO. I 


O M* 
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»u ac 3 «: 
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;- 7? 
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^ Ui tli 
"i > ^» tJ 

I.) ^ o u 

<■' iu 3 :i 


:r::r tWtRONMENTil«;-!ltTHWCT!«NSr — 


- -|•|•T«| c .^11 ir»w AM I urv^w I i VIU • 

I. 1 1 1 Lt .5£ACR_pj,a>SMArHI GH VOLTAGE 

INTERACTION EXPERIMENT SATELLITES 


NO. JL-8, llj 12/P,- 2kt3 
niEME /VV.G./ { ASK I 


SPHINX B/C (FY-78 New Initiative) 

DATE. J_ /£l /_76 

2. OBJECTIVE 

.Space..fliflht_proqrain to accomplish ; f light demons tratior^ of a 

^pialifiabJLfi Qn_ion__thrus system f or station-keeping 

applications, obtain space“‘aata Tor “deirgn* oT'TilglT VOTCa^e 

L 'gy^t ein - ea^d— i n ves-feAgA^ta chArga— control. ^o^hniqno|^ 

3. NEED .'’-.WALYSIS 

a) LEVEL NOW [jj, WILL D5 LEVEL UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL y F0?{ OPERATIONAL SYSTEM USE BY Gm^TsSO J 

c) RISK IN ACHIEVING ADVANCEMENT: 

high □ MEDIUM p LOW □ 

cl) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING F] OR 

ENHANCING: HIGH □ MEDIUM Q LOW Q 

c) TASKS NEEDED: STUDY □ ANALYSIS {y^ RESEARCH R 

GRD-IEStH AIRCRAr- i test □ SPACE FLIGHT TEST 0 
OTHER (Specify) [J 

CANDIDATE No 

.A. COl.iPLEMENTAriY TECHNOLOGY AL)VAW<^LOjrs~FiE^^ "" 

USE Or iMISTiiCHNOLOGY ..JLLgh.jyol^age system technology 


' s* *- 

.•I is r.: 

. . Cl Lit, 

< » I « o 
V o 

. . o ", ?i 

: . • w ^ 

« U U' « 

t c> u# K »■. 

*ii U. H < 1* 

;• >■ >- r? •** 

* u r: :-r 


« i UI lU 4- 

•h r X , 

* < ^ A. 


5. SPECIFY TECHNOLOGY AOVANCEMcNT REOUIHED TO 

ACCOMPLISH NEED 

.-ErP-lect Start - Oc tober_ 1977 

SPHINX B Review Complete'- DecemBer 1977 

Jl.*L^-^jL,9, Bfttj^p..gQmplete - O ctober 1978 _ 

SPHI NX B ^sembled and Test Complete - March 1979 

C Eng ineeri ng Model AssemMe^ and Test Completed - ^0/7 
Prot oflight Assembled t Test Conyleted - Au^st 1980 
J^unch ready_- 198 0 
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SPACE TECHNOLOGY NEED 


TITLE Environmental Interactions; 


Experiiiient Satellites (SPHINX B/ 


FORM NO. I 
PAGE 2 OF 


7,8,9.10 , 

NQ] 1 , 12 /P-2/EI-3 

THEME /W.G./ TASK 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Two separate satellites will be designed to accomplish the 


objectives. These satelli 


plasma densities can be sampled. 


establish the engineering design informa 


interactions and to 


7. ALTERNATIVE APPROACHES/OPTIONS Restrict all laro 
to relatively low voltage 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Envronmental Charging of Spacecraft Surfaces (506-23-36) 


Integrally Regulated Solar Array (506-23-30) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Proj. Start 


nilSHWHii 

IlSiii 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


18 21 15 6 5 2 


















LEVEL I. lASIC PHENOMENA OBSCRVED AND HEPONTEO 5 COMPONENT ON BREADBOAHO TESTED IN NELEVANT 

OF STATE 2 . THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART J. THEORY TESTED BY PHYSICAL EXPERIMENT OR S. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

mathematical MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 



FORM NO. 
PAGE 1 OF_l_ 


1 . TITLE Environmental Interactions: 


Space Plasma-Hloh Voltage Interaction 
Experiment Satellites (SPHINX B/C) 


New Initiative F.Y. 77 


NO A11/P-2/EI-3A 

THEME /W.G./ TASK 

DATE_Q1 / 27; 76 


2 . 


^^c^f'/y(^t program to accomplish: Obtain space data for design of high 
voltage systems for space. Investigate charge control techniques and 


demonstrate operation of guallflable 8-cm Ion thruster system. 

3. NEED ANALYSIS 

a) LEVEL NOW H] . WILL BE LEVEL Q) UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (3 FOR OPERATIONAL SYSTEM USE BY ! DATE: 1979 ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q 

dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH □ 

GROTEStD AI R CRAFT TEST □ SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 


f) R&T BASE CANDIDATE _jio 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY High Vnlfagp Sygtpm Tftrhnnlnjy 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A flight test p rogram Is required to provide data on the I n teractions 
between th g.^pa.ce plasma and the surfari.^ to h i gh vr»it»jF» 

Thjs flight tg?t will. c over a.broad range of vnltagp^ and h» 

over a wide range of plasma densities. 







SPACE TECHNOLOGY NEED PORM NO. I 

PAGE 2 OF _2 


Environmental Interactions: NQ. n!l2 /P-2/FI-3A 

Space Plasma-High Voltage Interaction THEME /W.G. /TASK 

Experiment Satellites (SPHINX B/C) 

■ date Qa/2a ! 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Jwp separ able satellites will be designed to accomplish the program 

ob jectives. These satellites will be built, tested, qualified and flown o n 
a two year mission Jn a h ighly elliptical orbit. The flight resu I ts will 
establi^e_gjaenlof the space plasma-hioh 
interaction, to provide the initial design criteria and to provide thP 
^ 1 iqht demonstration of a qua 1 i f i a 




7. ALTERNATIVE APPROACHES/OPT 

IONS Restrict i 

all large space power systems 



th pnvirnnmont am minimal 

insulate from environment. 




8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
_Enyi _ronmental Charging of Spacecraft Surfaces (RTQP 506-23-.'lf 

Integrally Regulated Solar Array ( RTOP 506-23-36) 

Space Plasma-High Voltage Interaction Study - Npw Initiative 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


SPHINX B Builds 


Test 


mm 


Mission 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 













SPACE TECHNOLOGY NEED 
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PAGE 1 OF 2 
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1. TITLE Environmental Interactions: Space Plasma- nq. ai lVP-2/ ft -4 

High VoUage Interactinn THEME / w.G. / TASK 

■ DATE_J_/_27/ _76 

2. OBJECTIVE 

To determine the effe c ts nf and mea n s -& f controlling the intor^ftions 
between the s pace environment and the surfaces biased bv thP .pAra pnu,n» 
systems. 

3. NEED ANALYSIS 

a) LEVEL NOW Q) . WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED A^ANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY |pATE:7g 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY ANALYSIS 0 RESEARCH Q 

GRDTEST0 AIR CRAFTTEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check o ne or more) 

f) R&T BASE CANDIDATE Yes (Npw Initiativi) 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY VoUape System Technology 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

_ • Develop model of t h e inte raction betwepn the Dla«;m;i pnwfr»n..u>n» 
and the charge d surfaces. 

t Verify model by testing. 

> Extend model from ground test conditions to spa ce . 



V 




SPACE TECHNOLOGY NEED 

title _ , 

— Environ mental Interact-fpns? 
Plasma-High Voltage 


FORM NO. I 

_PAGE£0F^ 

NO. _ An /P-2/FI-d 

THEME /W.G./ TASK 


DATE 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

opiluct analytical and pxperinie ntal study tn d.y.iyp f„a ,, ,y . , 

Jl:g!!idata_wiii ^ i~^: .ji;:;;; 

-Space power sy:?te ms of thp on'c ; 


7. ALTERNATIVE APPROACHES/OPTIONS 

■ Operations to Pnlatlvel, Low 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP OTHPR) 
jnylronma ntal Charging of Spacecraft Surf?c4s |RT?P* snn.p t.ss' 

Integrally Regulated Solar Array (RTOP 506 - 23 - 3 fi> 




9. TECHNOLOGY SCHEDULES 
FY 


Extraoola 


MI HIHHIlillW 

***'l || | | || || n*1 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


10 ®$) 


IBBBBBlMWHHlimil 


Iftfitfilc. 
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SPACE TECHNOLOGY NEED 

FORM NO. I 

PAGE 1 OF 2 

-! !Dftronmental Inte raction.. P^.c.^nrl 7TZ 

DATE_^/J8/_7^ 



3. NEED ANALYSIS 

WRlouiRErA^' ^ UNDER EXISTING PLANS. 

A? LEVE^ advancement - SHOULD BE TECHNOLOGY READY 

I pic.^ ® “’’^"ational system use by laas — i 

c) RISK IN ACHIEVING ADVANCEMENT- — 

HIGH 0 MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING fl no 

enhancing: high □ MEDIUM Q tow 

~ (Check o ne or more) 

_fl R8.T BASE can didate 


i ® 




SPACE TECHNOLOGY NEED 


Environmental Interactions: 

Personnel Shielding By Electromagnetic 
or Electrostatic Fields 


FORM NO. I 
PAGE 2 OF 


NO. 1.7.8/P-2 /EI-5 _ 
THEME /W.G./ TASK 

DATE ^ /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
(a) Survey of environment. 


ng requirements. 


( c) Analysis of fiel d generati on requirements. 

(d) Experimental field generation. 


(e) Technology comparisons. 


(f) Selection of shielding method. 


7. ALTERNATIVE APPROACHES/OPTIONS 
Mass shielding 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


mnmnn 
uhiHhnan 


Comparisons 


Selection 


Documentatl 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


■■■lllip 


s 




































JK. 


Task 

No. 

PP-2 

PP-3 

PP-5 

PP-6 

PP-7 

PP-8 

TE-1 

TE-3 

TE-5 

TE-7 

TX-1 

TX-2 

TX-3 


2 of 3 


SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM li\ 

o ^ FORM III 

(Lin in fWfitwieal onMr. 1 - HWnM Frioritvl WORKING GROUP 

DATE 4 / 29 / 7fi 

THEME NO. 
TECHNOLOGY NEE0n5>^.^ 

7 

SPACE 

8 

SPACE 

9 

SETI 

10 

SOLAR SYS. 
EXPL. 

11 

GLOBAL 

SERVICE 

12 

AOV.TRANS 

SYS. 

NASA RAT 

SUMMARY PRIORITY 
ASSESSMENT 

83*^ 

fER 

88 

INO 

83 

UST. 

88 

Cwrani 


WG 

TT 

OAST 

OlV. 


Integrally Regul. 
Solar Array Tech. 







13 

2 

X 

X 

16 




Hi Po%rer/Hi Voltage/ 
Low Loss CoB^nents 

7 

8 

7 

8 




3 

X 

X 

7 




Remote Power 
Controller Tech. 

10 


10 


10 


6 

4 

X 

X 

25 




Lg. Life, Mi Perf. Pwr. 
Proc. for Planetary Appl. 

i 





2 



X 

X 

17 




Power Transfer Across 
Rotary Joints 







12 



X 

32 




Multi-Kilowatt 
Distribution System 

6 

10 

6 

10 



4 


X 

X 

9 




Theraoelec trie 
Systems 


■ 

■ 

■ 


3 



B 

■ 

18 




Nuclear Thermionic 
Space Potter System 

■ 

■ 

1 

1 

12 

1 



B 

■ 

26 

B 



Hi Performance 
Thermionic Conv. Tech. 

■ 

■ 

■ 

■ 




5 

B 

B 

27 

B 



Heat Pipes for High 
Thermal Densities 

9 

11 

9 

B 





B 

B 

28 

B 


— 

Microwave 

Transmission 


■ 

5 




— 



B 

14 

B 



Laser Potter Converter 

■ 

D 

■ 

D 





B 

M\ 

31 

Bl 



Laser Power Trans. 

V 

■ 

D 

■ 

H 





B 

Bl 

30 

■ 


> 
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SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT 

ILm in muTi o l ordar, 1 - HighM Priarityl 


WORKING GROUP P-2 


FORM ir 
FORM III 


^ THEME NO. 

7 

SPACE 

8 

SPACE 

9 

SETI 

10 

SOLAR SYS. 

11 

GLOBAL 

12 

ADV.TRANS 

NASA RAT 

• SUMMARY PRIORITY 
ASSESSMENT 

technology 

Jar" 

|ba 

|_83 

1 88 


EXPL. 

SERVICE 

SYS. 

1 CamM 

luTtai 

WG 

TT 

OAST 

DIV 


Auto. Power Systens 
Management (APSM) 

■ 

B 

■ 

fl 

9 

2 



■ 


8 




Advanced Power Systems 
Tech. 

■ 

■ 

■ 

B 

n 

2 



■ 


20 




Oasis 

■ 

B 

■ 

B 

8 




■ 



■ 



Auto. Test Techniques 
and Technology 

■ 

9 

■ 

9 


2 



■ 



■ 



Envirormental Charging 
of Surfaces 

■ 


■ 


1 


14 


■ 


19 

I 



Sphinx B/C 

■ 

3 

■ 

3 

11 




■ 


2 

1 



FY 77 

Sphinx B/C N.I. 

2 


2 










■ 




■ 


■ 








■ 





■ 


■ 






■ 

■ 

1 





■ 


1 






■ 

■ 

■ 
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■ 





■n 

■ 

■ 

■1 
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■ 
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1 



1 










Task 

No. 

S-2 


S-4 

S-6 

S-7 

EI-2 

EI-3 

EI-3A 




















POWER FORM 


PERIOD 

THEME SETI 
ELECTRICAL POWER 
1984 

NO. 9 
REQUIREMENTS 
1990 

P-2 

2000 

1 • 1 Ota 1 Power 

KWe 

2 - - 

3 

*(Order-of-megawatt 
shield and dish p 
Included above) 

■"nZ5 

power for 
•opulsion not 

fc. Bus voltage 

Regulation % 

1 


1 

special Load 
Requirements 


^Shield and dish pr 
rotation of l°/da 
once a year 
+ 2° 

^pulsion for 
' approximate! 

+ 70 

Breakdown Load 
Reqmnts of 0) 
Above 

Receivers 
Data Links 
Control Telemetry 
Figure Monitors 
Figure Servos 
Cryogenics (5 to 
lOOK) 




~ ■) 


~ » 


► 





■ y 

J LU 

*Shield and dish or 

>puls1on 

3. Location of 

Orbit or Planet 
i.e. LEO.GSO, 
INNER or OUTER 
Planet 

LEO/GSO 

GSO/Lunar 

Distance 

GSO/Lunar 

Distance 

0. Unique Envir- 

onmental Req- 
uirements 

Half-Time Shadow 
Environmental - 
Charging Problem 




> 


> 

/. uperational Life 

8. Autonomous? 

9. Maintenance? 

10 years 

Yes 

10 years 

30 years 

Yes 


> 

lu. Propulsion Req; 

a - Transfer Orb. 
b - Position 
t - Planetary 

Yes - . 

Yes 

- . 

^ ■ > 

> 

11. Special EHliRFI 

etc? 


• - 

- > 

iz. Other 






SOLAR EXPLORATION 


iD. TO 


Power Form 
P-2 


THEH^ 


flectrical power requirements 


PERIOD 

19_90_ 

19_2L. 

2000 

1 • TOTAL POWER - KW^ 

• PROPULSIVE POWER - 

HUNDREDS KW 

• SCIENCE PAYLOAD - 20 TO 

30 KW 

• TOTAL « 220-230 KW 

• USE 200 KW 

• 400/600 KW OR 
HIGHER 

t ABOUT THE SAME 
SCIENCE PAYLOAD 

• TOTAL 400-600 KW 

? UNDEFINED 

2 • BUS VOLTAGE 

REGULATION X 

• FOR THRUST lOOOV OR 
MORE 

• 100-200V FOR SCIENCE 
PAYLOAD 

e ORDER OF 1% DESIRED 

• SAME 

1 


3 f SPECIAL LOAD 
REQUIREMENTS 

• PROPULSION SEE (1) 
ABOVE 

• SAR HAS PULSE LOADS 
CABLE RUNS LONG 60-80 FT 

• SAME 


4 • BREAKDOWN 

LOAD REQUIREMENTS 
OF (1) ABOVE 

f SEE (1) 

• SEE (1) 


5 • LOCATION OF ORBIT 

OR PLANET 
I.e. « LEOt GSO. 
INNER OR OUTER 
PLANET 

• EARTH ORBIT OF PLANET 

test 10 KGM 

FACILITY - IN LEO 

- 30 TO GSO 

e LEO 100-30J MILES FOR 
MONTHS 

• TRANSFER TIME - MONTHS 
WITH NEP AND SEP 
(60-180 DAYS) 

• LAUNCH 1ST 

FACILITY TO OUTER 
PLANETS - 10 KGM 
NOT INCLUDING 
PROPULSION (12KG) 
INCLUDING PROBES, 
LANDER 4 PENETRA- 
TORS. 5 KG FOR 
ORBITING FACILITI 


■ 1 

1 

6 • UNIQUE ENVIRON- 

MENTAL REQlinEMENT 
REQUIREMENTS 

• EARTH RADIATION ENVIR- 
ONMENT 

• POSSIBLE SCALED-DOWN 
NEP* RADIATION 
EF.’VIRONMENT 

*1988 AVAILABILITY 

» SEVERE JUPITER 
RADIATION ENVIRON- 
MENT 


7 r OPERATIONAL LIFE 

8 • AUTONOMOUS? 

9 • MAINTENANCE? 

• 8-10 YEARS 

• YES! 

• OCCASIONALLY MANNED 
VISITS 

• 20 YEARS (TO EOM) 

• YES 

t UlfflANNED RESUPPLY & 
SAMPLE RETURN EVERY 
vrAR3 

i 

1 

) 




\ 

I 

s 


THH 1F SOLAR EXPLORATION (CONTIWED) f p. 10 

ELECTRICAL POWER REQUIREMENTS 


Power Form 
P-2 


PERIOD 


10 • PROPULSION REQ: 

a. Transfer Orbit 

b. Position 

c. Planetary 


11 • SPECIAL EMI, RFI, 
ETC.? 


19_ao_ 


e YES 

• LEO TO GSO/ STATION KPG 

• N/A 


19 95 


1ST LAUNCH USES NEP^ 
SO DOES RESUPPLY 
NEP & CHEMICAL FOR 
LANDERS, PROBES, FREE 
FLYERS (MANY) 


2000 


YES, SHIELD RADIATION 0F| 
NEP-LARGE PULSED POWER 


e JUPITER IS A strong! 
RFI SOURCE IN 
LITERATURE 
(SYNCHROTRON) 


12 « OTHER 


e FREE FLYER - 

- Chemical Propulsion 

- Few Hundred Watts 
from RTG 


CHEMICAL/SEP WOULD PF [- 
CLUDE MISSIONS BEYONI 
JUPITER - THUS NEP 
ONLY OPTION 
■ SUPPORT TO ORBITER: 


(a) Penatrators with - 
RTG: 1-2 watts; 20,000< 
Impact capability; 1-2 
yrs life 

BAHERY: 10 watt load 
for 5-10 mins. , 1 or 2 
times month for 1-2 yr 
temp, of about -150K 
(Jupiter env.) and wor 
after 20 years - need 
batteries (long life) 


(b) Landers and probes 
using battery and RTG 


(c) Photo reconnais- 
sance satellite needs 
50 watt RTh, 1 month 
life, perform In In- 
tense radiation envirt i- 
ment provide power 
after 20 years. 

(d) Sample ft return - 
use RTG and battery. 

High peak battery 
loads to hundreds of 
watts. 










